
M"IT:ENA'I10NAL A&PIJCAHON FIJBIiSliKD momL. THE PATEKl' COOPERAHON TKBhTi (PCt) 



(21) latertissdoiisl A^iieaSxm Number; 



"1 



(34)) Frimty Data; 



(34) C&itMrm for >vkich she: <fr 



:^;T,'KP&S/S2587 \ (St) Oesi«nsfi'd SisK-*: m AJ^, HC. m<, CA, CN; i7Z, 

GH, ifU, SD. SS, Jr, Kfi, K?, KR i k, i.R, i T, LV, M>, 
28 Apsii im (2S.04.9S) I MO. MH, MX, N'O, NZ, ?!. RO, Rs -iO SI SJL, m, IT, 

UA, M*;, UZ, VN iRijv-s j>;;j.:it ^cn. GXl KE, LS, MW, 
SD. S:Z^ UG, ?:Wk ^-^jmisjj piimt {AM, AZ, BY, KG, KZ, 

2 Ma-f 3997(02,05.97) BP 1 OK, F5, rK, HB. GR, iK. U il-. ^f^- f-ii . T! 



OAPJ s>atwu (BF, BJ, CX). Cf. CH!, OA. tfS, vn , 
NH, iSN. Ta '?«). 



i (72) Im-eTilor; m\<i j 
I Psier INDNLI; U, Ssjjs left Bssisekfeaa 77, N3>-56iS CS: i 



I Eindbovsn (h'l.). 
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SEMNE FRDTBASE iNffiBlTORS 

The feventlosj^ates to isew seri»e protease sjiMbstors, phansacojiscal coispositioss^c^ 

jth0 sani0, as wisli as ta the use of sa^ ifihsbitors for the nsareu&ctoe of a medie?w*ast: for 

tre&lihg md ^mveBtkgtferombin-rdated diseases. 

Sesribte proteases $^ &im^smi$ v^ieh, aaaongst otfcsf thissgs, play as smpfortast role in the Moo^ 
co&j^liaiiojs cascsae. Mfe^ growp of protests ssre i>r ©tampie tlspmbtii, tsypsin, 

factors Vila, IXa, Xa, Xfa, XEa, aisd protein C 

Tliix>mbin is she serine protease %vhsch regulates the fast step is? the co^uiatioj? cascade; The 
pum& &nctsot5 of thrombb is the cleavage of tibrinogen to generate fibrin monomers, whicfe 
forsB as^ snsoluble gd by cross4inking. In additjon, thrombk regiaates it^ ovv-n production by 
activating factors V and VIU eajlies' in the cascade, it also has important actions at the ceOul&r 
Isvei, where it aiits oh speciftc receptors to caase platelet i^gfegatioHj endotMal cell 
activafiofi sad ^brobiast proiifetation. 'Tkm ^m>srMn has a central rejguiatory role iii 
IwteiaostasiS arid tfeombiss foilmtion tnhsbstofs of tlirosjbb may have a wide raisge pf 
therapeutissti appUcaudnSj escteasive reseai'ch has been p^brmed in this area, 
M the deveiopmest of synthetic inhibitors of smhe proteases, aiid more: spectftcaliy of 
tiifOitihiti, the Emereat m smallsj^thetfe peptidies that are recegni^^ protedytie enzyiTies m a 
sTSsnaer sithikr to that of satumi substrates, has increased. As a tesuft. myr peptide^ike 
mhibtors have h^ prepared, such as the trarisitioa state IriMbttofs of toombin. 
The search for i?K>fe effeaive and more selective thfotsbin inhibitors continues unabated in 
order to ofataisi thrombin inhibitors which caa be admimsiered m lower dosages md which have 
fewer and less severe side effects. Furthennore, speei^ attentsojj is paid to oral b5oavailabilit>'. 
Potent mtray®sous thrombin i3iliibitor$ are diaically effective in acute care settings reqsaring ttse 
^mtmem of thrombin-rdaled diseases. However, particufarly tbe prewrslkm of thrombin- 
rdated diseases such as iTtyocardial infarct* thrombosis and ^oke require long-term therapy, 
pn^etBhly by omii^ dosihg an anticoagulaftt. 

Masy of the peptide^like serine protease inhibitors, in partjcufar thrbnsbin inlubitors, discibssd 
in prior publicstloRs are based on the sequence ^i>rPhe~Pro^Arg-^, see for exaittple compounds 
as disclosed by Brady et d. pioorganiO i& M^icai Chemistry, 3 {199% I063~?SJ and in US 
Patent S,597,SM. Thrpnibk mbibkors mm aJso contain iysine side chaii^s inssead of afginine. 
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smh m otter inlssljitors diselosed fey Brady at., , and Lewis et g|. IThrpnsbosis and 
HaemosMs, IMM 1107-12], and foither hy Jones ei si [J. EcKysie laMfeitEa^ g 

(i#5}, 43-^], In ihe latjer pubiication it was reported that tripqjtlfe eom|KJ«Rds coataimsig 
a-ket0 ms^hyl ester IbnictioRs ^ labile compQiinds asid therefore: uss&voumye fbr fiMfeer 
5 devs^opmeftt as Ihromfein mhlfeitors. Mm tbir otnbiii inhSnf ors having an ananocydahes^!! laoiety 
jastearf s>f lysine or argiissine ^de chain are kncjwit [WG 94/2505l|. Frcjm these ajsd also o-tfeea' 
feferefsces |e,g, US Pata^f 5,523,308} a number of variations at tise G-termimis of thi^ 
peptide^jke thrombin inklbstors k known. The developments in tUs fseld h&vt already smpjwed 
die undemandiBg of Itow to modulate the bioiogical properties of tKs type of thrombin 
i« js\l!ibitors. However, although great efibrt ss being spend or; finding selective thrombin 
IrsliifcltoJS havi!?g good sml bioavailaljiiity there are stiS few transitsoa stats thrombin inhifettors 
known in ilse aist wMdh M8U these retji^resnents; 

Surpti^in^y, it has now been ^nd that commands of tiie fonnula' 

IS R^SOi-B-M»C(0>Y (I) 

wherein i$ R^0OC-(Cim%- or ll^l-CQ-<GHR*)a,T- or is selected from (l-12C)aStylj 
(2-l2G)^fceRyli which grpaps niay opttoriKaiiy be substituted with (3-12G)cyicloajSsy?, 
(l-SC^^koxy, OH. COOR^, GF^ or halc^n^ m4 fern <6-l4C)aiyl, (7*l5C)afiailp^ and 
(8-16)aralke«ylj the aryl groups of which thay Optionally be Subistitiitifiid vwtfe 

20 (3~8C)cydoaikyi, (l-6G>alkoxy, OH, CQQM, CF5 or haksgeni, 
m b 1, 2 or 3 ; 

each ss-oup is Imiependently H, (I-I2C)^kyi, (3-8C)cycioalkyl, (6-l4C)an,1 or 
(7-l5C)arailQ?l, the aryl ^Oups of wlach may be Sttisstifeted xivith (i~6G)alkyi, (i~6C)aiko)Qf or 
halogetj; 

25 B b a Mxjd, afi amiiio-i^dd of tlie :^miula -NH-CM[(Gfl2)^G(0)OH|~e(Q)- of an 

derivative thenar when^ss p is !, 2 or 3, Giys, D-i~Piq, D'-S-i^Piq, D~l-Tiq, i>^3~Tlq, O-Atc, Mc, 
or a L- or B^antitio acid having a hydrophobic, basic or aiattrirf ssde chaan; 
X is sn ainfiso acid witfe a hydrO|^obio side chairi, ^uiaiiahe, serine, thireosipe, a cydio aimno 
aeld optio«ally contalfsng m additsonaf hetercsatom seiectted Mm H^ Q or S, and 0|sttona1Jy 
substituted witis (l-<iC)dkyi, (i-6C)a!kosy, benzyloxy or 0x0, or X is 2-snjjao~isobutyric acid, 
-N^-~CH:rG(0)~ or the &agmmi 



wherein n k 2, 3, c 



-NM-CH 




optspisally be substituted with ijydfosy, (i-6<C)alkoxy, CQ0H, C00(l-6C)alkyi, COf^j, or 
halogen; 

5 Z is ly^rip or 4-ammocyclohe8;^glycjRe; 

Y is -NH41-6C)aikyleRe^GfiHs, tfee phenyl group of whidi rnsay be substiUited ml% (l-iSQall^lj 
(l-6C58lkQxy or hafegen, or ¥ js -OR* or ~m^K wherdn K.^ is H, (2-6C)8llQfI or fessnsyl, 

aa^ are mdepejKlmtSy R (l^<5C)ialkoxy, or (i-6Qalk5^ optiomiily substituted witis 
fealogfin, or md E* together am (3-6C)aikyi8ne, or R* and together with th« ititrngas 



or a prodnjg thereof or a phanBac^felly acceptable salt thereof, 

are potent: and selective serine protease inhibitors. Specifically, the compounds of dse preset 
ijwenOon are. inhibiKnx of thronibsri, of factor V^Ia-'tixsue factor and of tactor Xa, Compounds 
of the inyesniori show improved phsnriacokinetics, and in pajticulsr good b'ioavailabiHty attef 
15 or^i adtnipstratsors. The a-(2-6C)keto ester compouads which tye past of the present irsverstion 
da mi disadvantage of the previpusly reported J^ife arketo methyl ester 

compotjjsds, 

TIse c©ntpo«»ds of the pre$ei!t invsajtbn are useM for treating asid previMttiing thrptinbiti- 
M mediated tl^ombi»*as$Qdai£d diseases. Thss mciudes z nuntber of thrombotic arsd 
pnsthfomlsotic states iu which the coajplastdn cascade is ^i^ted which include, but are not 
Itmited t0> deep vein ^fi>mbosi&, pulmonary emboU^ throB^opJdd)stb, arterial ocdus^bti 
fi"Om throssljosjs or en^boism, artenal rracciu^on during or aft^ aiigio|iiasty or thrbmbdiysis, 
restem>sis following ajterial isijurj- or invasive aux!iolGgic;il procedures, postopsratsve vesious 
25 thrombosis or emboli^its, asitste or chrorJc atherosclerosis, stroke, rny-ocardsid iafkrcdoa, c-ancer 
md sTsetastasis, arid ^eorodegenerative diseases. The compounds of the mvention may also be 
used as aa^coagulasjts in extracorporeal blood eirsuits, as necess^ in dialysis and sargety. 
The; ootfipoisnds of the invetstion may also be Used as m v/iro anticoagiilants. 




J O atom to vMch they are botided are 
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Prefen-ed sense ijrotease mMbitors accofdiisg to tias mventson ar» tk; compounds wh^sisi Z is 
lymm. More pre&fred are tlse compounds wherem X is a cyclic amino acj^ «es inanb asid witis 
a bydrdpiiobic siile s\m% gtotamiise, sefihe, threoniisej -NR^-CHij^-CCOK or the Sraginent 



« 

5 €> , or 

■ii.vlierdn R"' is H, (I -6C)alk>i or phenyl, 

FastiCHlariy preferred are the conspoEjnds wher^b X is prolme, leucine^ glutajmns, threoame, 
phesiyMansne, -NR^-GHrCCO)- wfeerm R* k laetbyl, cydopm^ or eyclohexyl, or tk& 

wher em R.^ m H or matl^yi 

Other preferred ©onijiouaiils are those wherera B is a boad or a P~an«iEio acid having a 
hydrophobic Of smirsd side chafe. The rmsst preferred compounds o€ th& inventjos txe thorn 
whereiis is (l~6C)a^ky^ or benzyl Preferably R* in the dfiSsatioR of Y Is (2-6C>\lk>^ or 
15 benzyl In particular prefctrsd are the compounds wherein Y is <-0CH(CH$)3, Also preferred 
coiTspoisnds have Y is MHj, 

The term (l~i3;C)aikyL me^s a brariched or unkatjched alky! group h&vmg I to 12 carbon 
atoms, mck as metl^, ethj^, t^butyl, isbpeintyl, heptyl, dodecyl, a«d the Eke. Ppaferred alkyl 
20 groups are ( i -6C-)alkyl groups, havmg I -6 cariK>« atoms. 

A (2-32C)alfcefiyl group is a branebed or tjnbranched unsaturated hydrocari>os group having 2 
to 12 carboss atoms; Preferrol are (2-^G)ai]keRyl groups. Exampies are eth«^yl, propeftyi ailyl, 
^theilke. 

The term (i~6G)slkyleBe peans a brarsclied or unbrasched alkytene ^oup bayttig 1 lo 6 carbon 
2S atoms, mch as -{CHaV md s h i tb 6, -CHCCHsK "CHCCHjXCHa)-, etc, I^eferrsxl afkylme 

groups is the daftnitto!! of Y are etbytene and meihyieBe. 
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TIk ter s? (l>SC)a1l;oxy sftsans an aikoxy ^oup hsvmg 1-6 csrixjis sttoms, tte alkyi moi«^ qf 
wladi has the meaniRg as pj-^viowsly defmecf^ 

'His term (3-|2C)«!yelodk]^l ni^s a inoao- or feli^ddalkyl group havmg cajljos atoms 
which cycbalky! group may optjonally hs substituted mth an ©xo ^<Kjp, Preferrsd are 

5 (3-SC)cyc!oalkyl, mch as cyciopmpyl, cydobytyi, eydopentyl, cyclohesyl, cydoheptyl, c:3?clo- 
octyl, stc. CycbpeBtyl and cydohesyi are ss'cn more preferred cycloalkyl groups. A prefgrred 
cydoalkyi sufaststuled alkyl gjoup in the deilmtion of is the camphor group. 
A (6-MC)aryi group is m aromadc moisty of 6 to 14 carbon atoms. The ar>'l group may &slh«r 
ccjRSais? mt or mors hetero atoms, such as K,. S, or 0. Examples of aryl gimp& me plseayl, 

m vApUh^, (}so)qum<jlyl, indasyl, the like. 

{7-lSC)Ai^fcyl and (^|6C)aralk8Ryl groups wts aikyl and a&enyl g^ps fes^jectlye^^ 
substituted by one br rnore a^l ^ups, the tot^ mireiber of s^rix»a iitoms befejg 7 So 15 and S 
to 16, r^sspectively. 

The tertn h^ogen nsatss itjoria^e, cMbrine, bromiite m ipdi«e. 
15 tK« term ester j^m>^ive means ai?y appropriate ester denvative, pn^rably (MG^allcyi-esters, 
$mh as mielhyK etisyl- or t-^batyl-estm. 

The temss Ate means 2«notetfalin4-<^xylic acid and Ate; means amifto indane carbes^fo 
sad. The terms !- asi<^ 3»Tjq msan 1,2,3 v4^8tt^ydro{5K3«5iimo!tne'l- aad -^S-cafboJcySc acid, 
respectively; !~at3d 3-Psq sre per-hydroi.soquinoime~l~ and -3-cart>osylic acsd, respectively. 

29 The term ammo acid havjjig a hydrophobic side chain means ais smino acsd having a .side cnmn 
being (3~8C)c.yc|oalkyi, (6~l4C)ar%'! or (M>C)alky!, wfsch ^ky\ gnyap nmy €»ptioftaiiy be 
siibstituted witli isjse 0r njore (3~te)cydoaikyi ^ups or (6-|4C)aryi groups, Tlse hydrophobic 
ssde ehap tpay optiotja% be substifeited mih one or impst sufostitu^Ss, ?uch as hydroxy, 
halogm, inSuorom^yli -dSOjCFs, (l-4C)8ikyl (for tnstaoce me&yi or ethyl), {MC)aiJa>xy 

ts |fcr b^afsce medsoxy), pteybxy, brnzybxy, the !ike> I?referre4 amba adds with a 
hydropboHc side chain are ieUcliE^«i^ valine, cyclolksiyMaRiiJe, 4-metho3^'Cyclbhexylaiani»e, 
cyclo-^actytakBine, pbeayiaiamne, E>-ftaphthytalamiie, tyrosiaSj O-rwethyl tyrosEtse (or; p- 
rRethoxy''pltenyl^ssaae), 3,3-4spheftylai^ npfieucsne atid ksuciiJe> 

Asmm acids havsitg a basic sde ehasn are for exainpie, but liot liimted tefi argfttiise and ly^e, 

:iS preferably ST^imne, 

The term anasjo acsds ha^'iBg a jseutral side cIsaiR refefs to amino Jicids such as glutamine (Crln), 
metidonine sislfba, a^amgise (Ass) and the hfce. Preferred are Gin wid Asa, 



Cyclic ammo acids are for example 2~;a2Sstidine cai"l«3xylje ad4 pf^^^ pspecoiic aGid, l*2rnttio~ 
l-csrb©5^-(3-8C)c>'doalkaBe (psrefesr^bly 4C^ 5C or iSC), 4-p3pe«dssg cadjoxyfe acid, 
4~thiazoijdms carfjoxyiic atsdj 3i4^el3ydro-pfoiisie, azapmime, 2-octaljydro}s4oSe csjboxyiic 
add, and the ike. Prefsn?^ 2-aisse^dine e8?t>oxySc aadj proline, pipecoljc add, 
5 4-iya2»litd^se cariboxylic asi4 3,*-de|S|ydfOriKrQl^^ 2-octahyd«>is«iole egrljCfsyiiC acid 
in thsf defiRitioas^ the tmn ^bstfeted rncan$::$ubsdtate^^ pne ?>f jttqj© substituents. 
Hjs inveatsoH also mdades prsjdrugs of the composjiids of fbrmuls I, wJuch afi:er adtSttmi^raltoiB 
are metabolszsd mto tha active comjXHjmis, Sisstable prodmgs are for exajstsple N- 
alkoxycarbosiyl protected (preferably N-ethoxycarbonyl) dersvatives of Ibe compouads of 

'Tht immsimn htthw mdsade^ s process for pr^aring a compoiiad of fomiisia I, compdsirsg 
<»«pling of suitably protfss:*^ amsnp wdds or arnino scid asialogSj fpHswed by f «jmoyiag tlse 



i5 llse impounds according ts ibrniula I may be pr^sared m & smnmsr mnvwa^oxid for isiidj 
sompounds- To that sM^ MiksMy Na protected (and ssde-chmn pfc^acUsd sf resjctjve ssde-djstns 
ar<5 pfes!»5t) amiti© acid der?"v^tiv«s or pe|sddes are astsvated and coupled to suitably cadsoxyl 
[»tstiecfeid ammo add or peptide derivatives dther in sslution or oa a solid stsppprt. Frotestios 
of tbe a-ammo functiorts gmeraSly takes place by iirethane fii8etidns ^cfe as tbe add-lab'iie tat- 

20 butyioxycarfaoayl group (Bsc), $>ensyloxycait>onyl (Cbz) group and sabststsited asialogs or the 
base-MsOe 9-flaorenyl-r«eihyk>;4yi;.arboayl {Fmoc) group. The Chz group csjj also be removed 
by catalytic hydrogejiation. Other suitable amino protective groups indude Nps» Bpoc, Msg, 
stc, A good overview of amiso protective ^oups is givefi is giveis in The P^ti<le$j Arialysts, 
Sysi^i5esis^ Biology, Vol 3 E, Oross and J. MeiejAofer, Eds., (Academic Press, New York, 

35 ISSl), Protedsop of caibojeyl jropps csm take place by ester fons^idu e g. faase-labile esters 
like m^hyl- or et^ylesters, acid labile esters like tert-btityli^ters, or l!5^rogimoiyt£caUy4abile 
esters like betizyii^tefs. ProteGtsoss of the ^e chmn lUadioiJ of tysise or 4- 
aimjib&ydQbe?cy!glydne 5Tsay be accomplished by using tiie afor^JsentsoKsd groups, Adivation 
of the e8tl50)Qfl grmsp of the suitably protpcted amino acids or peptides can take place by 

30 aride, mked arshydrides active or <^rbodiitnide mettod, espedally wstb the addition pf 
catalytic and racetnization-ssp^^sing compousjds like l-liydsioxybe^csotriazble, 
hydroxysacdmmide, 3-hydroxy~4-oxQ-3 ,4-dibydr0- 1 ,2,3-besiKotr!a2ajie» H-hydroxy-5~Bor~ 



bmnm»'lJ-4itBiboximidQ.. See, e.g. the Peptides, Analysis, Syntteisss^ Bkslogy (s^e aifove) 
md Pum Slid Appfed Cfeem, 59(3), 33 1 -344 (1987). 

The cpmpoussds of the invmum, v**ttdvc$n be ia tfe© fosi« of s ih« base, j^ay be^^j^^ imm 
S the reactsos mixfaifs in tlie form of a phartnaceadcally accgptalsle sait Tlie i^amsasfiisticaily 
aceqjtaMe salts may afeo be obtam^sd by tresissg the ihse base of fefmiik I wth org^c or 
liK>rf sisc adtf sisdi as hydioges Ghioiide, hydro§Esi bromide, hydrogeji iodide, sulfiific add, 

phosp^lTOiic acid, acetic add, propionic acid, glycolic add, malek add, mslosjic sdd, 
msthsnesuifonic add, fismaric add, sucdnic acid, tartaric acid, citric add, bsn2»ic add, aad 
m ascorbic add. 

The compounds of thh im&as&m possess on« or more chiral tssrfeon atoms, ami stay therefore 
Is© i^^med as a pure enasstjomer, or as a mbciure of enantiomers, or as 8 mixture cofiJittniiig 
diastiK^eoiners. Methods for ob^smsg the pure jmatbtners are weil kaowR m the aft> e.g. 
1 5 cirysfaliszation M salts wlsich are obtamed f !xh« optscaSly active acids and fee ra&eniic mixttsrev 
<r chmmatogrspby using cHtl^ coiumm. For diastereomers straight phase or revcfsed pbiase 
columns may be used, 

ih& comjioaBds &tth& inventioss may be admirsi^ered anteraliy or paresiteolly, and fbr luiHsaniS 
20 preferably Irs a daily dosage of O.OOl-lOO mg pet kg body wei^t, pmsfer^ly O.Oi-IO mg per kg 

body weight. Mixed with phamuceutieajly suitable aisxilsaries, s.g. as described in the standard 
fcfefeJJce, CknBafO e.l al, Rc.ourigsoa's i^harmaceuticai Sciences, (iSth ed.. Mack Fublj&lsiag 
Company, 1990, see especially Part 8; Pharmaceutical Freparations and TIsdr Manufactiire) the 
compQunds may be compressed intO: solid dosage waits, such as pills, tableis, or b« processed 
25 Mto c^p^iles or ^jppbsjtories. By means of phannamjtically agitable liqiads the compounds 
ean also be sgjpSed in the fonts of a soluttoti, suspension, emulsida, e.g, for was as an bjectiois 
pr^^^sos. Or as a ^ray, e;g. for use as a nasal spray. 

For mak'mg dosage tsats, e.g. tablets, U^eiise of eonvehtsdaaiadditi colorants, 
poljTOerio bijsders and llse like is contempiated. In gefterai any pbamiaGswttoaily acis^^le 
30 additive w^ch does not ihtofere With the fuftctloti of Uss active compounds can he used, 

Siistable carriers with wbidb the cohjposltioos can be administered include lactose, starch, 
eelMose dedvatiyes aisd the like, or lirtixtufes thereof, asM in sditabSe amoants. 



H\e isvastion is fiathef es|3layjeci by reference to the following illusliaiive Esainpks, 
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IS 



Et = 

TFA = trtSuor© acetsc acssi 

Asp ~ aspattyl 
Dpa ~= dspheBvlalsnyl 



Fro 
Acg 
Fao 
Bppc 



= benzy! 

- beszyiosjycarbonyt 



~ phenylacetyi 

- 2-p-biplienyr5SopH>pyloxycari>08yl 

- glutamyl 
H~Aad-OH ■■■■ anur!!L>-adipic ^id 
Pte = ptoyiaianyl 



H-3-Tjq-OH 1 ,23,44etrshydroisoqumolin$^^3rC4Erbo>QfSc acid 
Msc - miS^ylsuilm;^ei%lo3{ycarborjyl 
*tmc = 2'H[tnmeihyisayi)ettexycaibQ?tyl 

aofi,mi(cycb)-Oly-OH ^- ^(S)-3-asiOTt>2-oxo-heaahydro- l-as^ aejd 



20 



TBe solveM systeiEsm used in HPlyC 

A: 0.5 M phmphate bufe pH - 2 J; B: watw; C: acetomtrile^at«x j/2 v/v, 

IMiess stated ottsmvise the retentio?? tisnes (Rt (LC)} were determisi^ on m maiytical HPLC 
2S Sii|>8tosil LC-18-DB column (5 lun particles; 250 x 2.1 mm), which was ebt«d asmg a 
gfadj&nt (as spessfied) of solvent systems A, B and € st a flow rate of 0,25 n^'*niin &t 35 



Example I . 

To a soli^tion of CbKiysCBcHi^OH (28 g) in dicfjlofoinethanafmeJMttol (9/1 v/v; 500 snL) was 
added 2-( I H-brngoiijajSol- 1 -yl> 1 ^ 1 33-tetrajni£t hylumniwm tetrailuor pborate (23 .6 g) and the 
soltjtion was sdjasted to pH S by addition of tii'^ylainine. lim reaetson iraxtyF© stkmi for 



2 hours at room lempemtare. The mixture was washed successively with cold IM hydrochloric 
add, watsr, 5% sosjsuin Isydrogmcarbosates md water md dried over solium sulfate. The 
filtf^e was evajporated^ m& the midue was i^fosiatogfaphed ot? sslit^ gel usmg ethyl 

5 and evaporated. Yield: 29. 1 g 

TLG; 0 J5, ethyl acetate/heptasise^S/l v/y or sUca, 



To a cqM C~78"C) soblion of Cb2:-Lys(Boc.H5Me (29,1 g) is diy dicMisroniKsthane (800 isC) 
50 was added dropwise dissobun'kluminiujn hydride (222 nd. of IM ssslution in hexms) keeping 
the reactioji teoiperature below -TO" C, The resmfting solution was stirred at -78° C for ! hour 
SBd an aqueous 5% citrio-add soktioss (600 mL) was added to the rcsctioEi sriixture. The iwo 
lay«3' mixture was ^Erred at room temperature for 10 tnmutes, the layx^rs were separated and the 
aqueous layss" v^as extmi^ed twice with dichioromethane. The combiiied dscyoromethatse layers 
15 were washed with water, dned over sodium sulfate md filtered. The filtrate was^ stirred usd'^ a 
nitrogen atmosphsjre sod moled on a iceswater-balii. A splution of sotfium sp^Ktde (36J g) asid 
feenzj/fl^ethyl ammofjium cMoride (4.2 g) in mter mL) was added, Under vigonims stltridg 
ac^c iSishyddde was added portioftwise (2 x 9 sal*) over a pmod of 30 mie. The orginic layer 
was sefsarated apd the aqueous iay^ was esdracted twice with dtchloronietbane. The cossbttted 
2d dichloromethaB?, layers were washed with v«ater, dried over sodmm sul&te, fsitered and 
evaporatfsl in vaaio. Hie resdue was jnaified by ihroBiatography or silica (eiuient : 
heptanetohyl acetate- 1/1 v/v) to yieki Cbz4.ys (Boc)Y[cya5ioacetate| (26.3 g.) . 
TLC: M ~ 0.60, dichloi^mi^th^^'^hyl acetate ~- 7/3 v/v on silka. 



25 (t) Cb£-LYs(BosWj"€HQHCO]-QMe 

A solutioa of Gba-Lys(Boc)*l'|cyanoacetate3 (26-3 g.) \h tyethylether/me^astol ==^ 3/1 v/v (600 
ix^l TSfiEts coaled to •►20* C ui^^ a nitnsgen atmosphisre, and 6^ of gaseous hydrogen diloride 
was irifi-odiJced keepmg the teR3p«s-atiire beiow C. The rsactios saxfetre was kept at 4" C 
ov^alght Wa^er (ilOO MJ} was added dropwtse to the reaction msxtare k^^piiJg the 

30 tssnpsrature fedow T C- After Mrring for 16 h at room temferature the orgahic layo" was 
separated asd wash?^ whii water: The aqueoos laya' was saturated with sodiutts cMsride and 
e.xtmcted wstlj sec-butanol/'dichlorofnethane = 3/2 v/v. The orgamc phase was Washed with 
brine, dried avss sodioia siilfate,^ SItered atid evaporated in vacuo to give 25.4 g of the cmds 



WQ§&'5842I> 



maim. The residtse ^vasiakeR «p is N^N-dimethylformainide (400 tti^% ds-tm-hityl dicarbsftate 
(16 g| was Sidded: and adjiisisd to pH S ussng trjethyiamine, Tlie resctfea misiui® vsf-as stinei at 
room tessperature svernigl^t. The solvent was fsanoyed by evapofatiiOJ? ai i^esiacsd j>ns!ssure. The 
rB$sdiie was dissolved m ethyl acietate, wa^ed mth water aiKi bme succ^^^, dried ovcsr 
S sodkim ssslfate, filtered and wgporated in vacuo. The r essdue/vras pissiSed fey chmmatogmpliy 
OS5 silica (eluerst; ethyl acetat&%8ptane 4/6 v/y ) to yidd Cte-Lys(Boc)TICHOHCO|-"OMe 
(15.8 g). 

TLG: Ef ^ 0.75, etfe>iacejat^pyddma''acet?c 8ad/Sv^ef«63/2^^^ v/v/v/v oii silica. 

A sdrred s&lisisojs of Ojz^.ysCBocMCHOHCOj-OMe ( 2.0 g) k dioxaKe/water=-7/3 (50 
mL) atTOom tss^ijiseoture was treated portjonwlse with a 2M sodium hydroxide ^hitioa (2.36 
mL). Afti^ 1 himr the rea^itiji (tsiixture ivas diliJtied^ w (100 mL), 2M hydrachlortc add 

was adi^sd sisttl pH 2,0 and essiraeted y«th dicSiJfist»«ethane!; The'oombisjed ofganic phases were 
15 washed with water, dried over sodium sulfate, fdtered ssid coac&ttntted m v^o to yield dbai- 
L3?-sC8oc)T[CHOHCO]~OH (IM g). 

TLG: Rf-»0..65, etliyi acetata'pyridma'acstic ac.jd'watss--63/20/6/l I v/v/v/v or ^lica. 

To a stiired mkmm of Cte-Lys(Boc)T|CHOHCO|~OH ( 0,90 g) m K,N-dimethylfonnamide 
(10 K^L,> wss^ added i-^hydroxj^tenzotnazple (HOBt, 444 mg% N-methybnoEphoUae (O.S mL), 
bettssfiamine (2S2 sisg) aiid T*(3■^dl^sle^l^aImfiopropy1)~3-^hy^carfeGdii^^ hydfocfebnde 
=(EDei^ 4^2 mg). After ^srnng t>r 15 hovm at mom tempe«!ture tfee ration mssSune was 
ptmsed imo water asd this aqfueous naxtare was extracted witfe ethyl acefeite. The ethyl acetate 
25 esESiaa was washed with llSf hydrodiionc add, w^«sr^ aqueous 5% sssdmm hydrpgencafconate 
and waser^ dried mssr isodium sulSite, liltmxl and conceistrated 'm vacuo to yield C|jz^ 
Lys(Boc)¥|CHOHCO]~NeB?i (1.0 g). 

TI..e: Rf=^0,81, ethyl aceiate/pyridtne/ac^ie acid/'water-l 63/20/6/1 1 v/v/v/v on sffica, 

.30 ( ftH-LvsCBo cyFfqjQ HCOI-Nl-IByj.HCl 

To a solutim of Cb^-LysCBoe)¥|eHOHCO|-Wffi2l (i .O g) in methanol C2S wL) were added 
10% pallsdiiim OS activ^toi carbon (lOO mg) and IM hydrochloric add (I mL) sfid this 



wo mmm 



u 

saspmsioa was hydrogenated at atmospheric press?ufe tor 1 lieur at room t<aBp8FaEtam, .TIse 
pd1af|s«iT5 t^tsiyst was removed by ffltration md the filtrste was conceatrated in vsmo to 
H-Ly#oo)*[CHOHCd|^NHBKl . HCl g). 

TLC; RfH).IS^ &tkyl w&m&/pfddk^k<s&^ v/v/v/v oss silica, 

5 

Te s stisrad solution of L~«.-A:ffiino-?,-GSt|>rolactafn (lOg) m dioxane/water (2/1 v/v) (30 mL) 
was added IN ssdbm hydroxide solution (7.8 mL) iMbwed by di~t-biityl dicsutfonate (IS, 8 g). 
The aaxipre was stirred for 16 hours at room ternpejature- asd concentrated in vseuo. The 
m ressdsse was sisssolvssd in etisy! acetate washed with water and brine, dried over sodium 
sai^ei fik«red asd esmporated 'm vacuo. The crude matefs^sl wss Kittsatsd by hexane, filtered 
md dd«d m yaeu® to yidd J^^Soc^L-^x-Ajiriino-SHcaprolactatB (16 g). 
TLC: Ri=0.8Sj, $£hyl as^iste/hep^sjie lit v/y ou siSca, 

H-Boc4,-a-Ajt5mo-s c2prola(*ajii (]<> g;) was dissolved m dii^oroms^ne: (100 mL). At -20 
*€ & IM solution of lithium his <trin5«^hylsilyl)amMe in telj^hydm&ran/cydofesfi^ 3/1 vA^ (I 
«<|U5v.) was added sbwly and the mixture was stijred for 30 min. Methyl bromoacelate (4 £nL) 
was sisbsequently added atid the mixture was stirred for 2 hours at room temperature. 

20 Additional iitltiam bis (trisne.thy!silyi)amide in tetrahydroturaij/cyctohexane 1/1 v/v was added to 
force the reaction to coiBpletion, The mixture was dilutet^ by dichloroBiethaDC and washed with 
0JK l>ydrpchlone ad4 water, 5% aqueous sodiam hydrogs^carbdnate sofeftion atid bride, 
^ed ovsr sodtism sulMe^ dkered and evaporat«xl m vacuo. The riesidue Sim puiified fay 
dirctmstograpljy on jsilica gel (eluent: heptasie/'^hy! acefeste 6/4 v/v) to yisid 12 g Boc- 

2S m>!l<^({^clo}-C3ly-OM©. 

TLC: R:^ O-SSj ethyl ai?datefhepiaae 6/4 y/v On ssfica. 

(i) SziS(> yt£&rL£s^(cycjo)-Giy-Oivl£- 

Boc-«ofi.©u(cyd0)-Giy-OMe (3 g) was dissolved In TF/Vdichloronietljane I/I v/v (30 red,.) and. 
30 stin-ed for 1 ksur at room temperature. Tlse reactioo iiiixture was coBcenlrated in vacuo. The 
residue was dissolved ta dicWoromethase (25 mL) and a solution of benzylsiillbnyichloride 
(2.25 g) in dieWsroraetbane (10 niL) added sfowiy at 0 *C. Triethykmitie was added to 
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k&tp the pH at 8 disrisg &e ruction. The ifslxture was stiffed for I hour at room temperature, 
wha"eaSer the mixture w&s concentrated m vaoso. The ressdye was dissolved m ethyl acetate 
a«d washed with 5% sodiata hydrogeacaifeosate solution, water and brine, dried over sodium 
salfate^ Slt^red 3J3d evapOJated in viactto. The nsisidjie i^as purified by chromatogra^y $>« ^Sca 
5 (elueRt: dlcljlommetlsaafi/etliyl acetate 95/5 v/v) to yield BzlSO2~ii<M*m(cydo)~Gly-0Me 
C3.9g) 

TL€: M= 0,40, dicMoroaiRfethasWetl^ aee^te Wl v/v bit siJica. 

(J) BdSOy~nQfLm(mdQ)-Giy-<m . 
10 A soliit-toa of B7JS02-i^O£'Leu(cycJo}-Oly-OMe (3.9 g) k dloxane /water 9/1 (100 mL) at rcsom 

temperature was treated with sufficieKt IN sodium hydroxide to keep the pR at O for 2 liotirs. 

Aiter acidiScatson, the mixture was poured iiJto water and extracted with dichloromethane. The 

or:gas5i!s htyef was washed^tb water aud dried os sodium sulfate The tsltf ate was coacentiiated 

tD ysdd 3.6 g rjf the title com|sous5d, 
15 TLC; Rf- 0.60, ea;hylaceiat«5/p5nrMme/8cette ad v/vfv/v on sUica, 

To a sold (0*C} sQlutbn of BjidS05-aorLea(cydo><5ly~OH (340 mg) in M»H^ 
dJ!«etlsylios-nian»de (10 mL) were sucu^sjyely added l^hydrdxybenKOtriazoie (HOBi, 203 mg) 

20 and dicycldhsssfieaFbodUmide ipCXt^ 217 mg). After stiri«g for 30 RKm^tes at <fC H- 
Lysa^oc)¥{CHOIICO]-M-lBzl . HCI (402 mg), prepared as described under (1), aud 
tfietiwla^^irs^i (^X 15 mL) were added. TIse jnsxujre was stirred at f/C for \ hour and thm kept at 
room tetsipa-aturs overmghl. The mixture was cooie-d to -Z(fC and dicyc1ohe>syiures was 
senioved by tlltratioj^. 'I1ie filtrate was evaporated to drysjess. The residue was dissolved in ethyl 

25 acetate and washed suecessfvely mth IM hydrocMoric aeid, water, ^^ueous 5% sodiun^ 
hydfoget5cark>?tate:, wat^ and brtne, dried soditsm sulfete asid eo!*a;atfafed in mmo to 
afrordBzrS0r5torLeii(q?do)-Giy-Lys<B^ 

TL€: l?if«0.7S, ethyl acetate/pyndine/acetic acid/v^ater^^l 63^^0/6/1 1 vMv/v on sSiea. 

3<> ffl A^SO^-nof Leu(cvctoVGl¥-L¥smQc)¥f ^ 

to a mhitmn of BzlSO^-RorLsai(eydo>-Gly-Ly<BocP'[CHQi^ (68a mg) in dry 

dicMorofsiethasie (20 stiL) was added 424 mg of pefiodinaoe (Dess-Martirs reagerst). After 
stirring at rootJt teitiperatore for oae hour, aqueous 2% sodstJsi thiQsriifete solution (20 mL) &nd 



n 

aqueoas 5% sodbm Ijydrogenearboiiate solution (20 wL) were added and tke si^ixture was 
stirred &r 30 aJ room temperature. The oj^mc layer was separstedj ^shed with water, 
drissi oyer soiSiim sul&te, Shersd and evaporated in vacuo to give crude BalSOb- 

5 TLC; Rf^O.SS, ethyl acetate/pyndlsies/aeetfc scid/watss^i 63/20/^1 1 v/vMv on dBca, 

(i» >Bj^S€^ ijQrLsaifcyclg)^<j|y^Lys'SP [€0C01 - j^^^ 

BzlS02-RdrLm(cydo)-G!y ■Ly$(Boc)T[C^ (560 mg, crude) ms treated wttit 

trifiuoroaceiie acid (10 mL) and stirred for ! hour at room temperature. The reaction mixture 
U) was coftcefstrated in 'f'scuo and the residue dissolved in water and directly charged onto a 
prepsjrative HPLC DeltaPak RP-C<x columR, which was subsequefjtly eloted u$ing a gradient 
elutioK s>'stsm of 20% A/80% 8 to 20% A/45% S/35% C over 45 min at a Saw rste of 80 
MJmm. Yield: 2S? nsg of ^;dSOrnorI^(cj^o)-Gly^Lys¥[COC0|-OH, 
Rt (LC> ; 23,S min ; 20% A/SO% aacmC to 20% A/8d% C in 30 nan. 

iS 

(a^ B0C'D-€ba--Fro-OPac 

Te a sdution of Boc-P-Cha-^H-HaO <2L5 ^ in HN^-dimethylfomiamide {143 mL) at 0*0 
20 were addied hydroxj'beftzotriazQk (HOBt) {li.l g) and dic^felobexylcarbodiinisde (DCC) (15,7 
g) axsd stirred ai 0'''C ibr .10 mimjtes. ,B-Pro-OPac. TFA (2(5 g) was disolved in SO mi. of 
dimethylformsmide, the pH was adjusted to S with triethyiaisiine and this sokitio5S was added to 
the s-eaction snistyre. llsis wa$ allowed to continue for 16 hours during which the ten^perature 
was ioCTeased to room temperature. The mixture was filtered, concentrated m vaoiO, dissolved 
25 In ethylacetate, washed with IN hydrocWoric acid^ water, 5% sodium hydrogencaicboftaie 
sotntsen and brine, dned over sodiatn siuifsilte, fito^ aiid evaporated In vactio. ¥i^d 28 g. 
lW:m- 0.5, dicliiisx>«ietha«e/metljanoi 95/5 v/v on siBca 

30 Boc-^D^iGha-Pfo-OPac p.S g) was dissolved In TFA/d5chiofom«^ane 1/1 v/v (2S mL) and 
stiffed for 30 mismtes at room I8jnpe3:^ure, The reaction mtxttire was evaporated in vacua The 
crude Snsine was dissolved in dieljiofomethane (SO mL) and etimneselfonyl chloride (0,8 mL} 



was at -78"C, Triethylajsme was added to keep the pH st 8 during the reactiofi. The 
mbcture was stJixM for 3 feoyrs al O^G, wfter^er wate? (25 iriL) was added, ASes' as 
additiossai stirtmg for 30 nsiautes at rooja teraperaJHre, the reactsoa mixtyre ^-as Gojseentraied in 
vacad; Tise redd«e was dissolved in dif^hyl ether ami wa^ed mik IN Isydf-odtloric add, watery 
$ 5% sodium f^fogssicarbosiate solutloa knd bmiHSi dried over sOdiusrs isulSilej Qta«d md 
evis-porated sn vs^o. Trituratios of tlie crude mat^siai vwth nsethiHEK>I jsi^ded efeylSOrB^Cha?- 
Pst>~OPac {3,0 g). 

TLC; Rf- dlcMoromethaae/'methanol 95/5 v/v oa silica- 

To a soiutioR of sthyiSOs-D-Cha-Pra^OFae (IS g| *«i tetosljydrpftsraR (250 wL) was added IM 
sol«t!0« of tettaksSylaHstRomum fluonde m testi-ahydroiuraR (84 mL), The rsadion rnlxtsire was 
stintd lor 30 ndnut^ at room iennperature and poareii lato water 0 L). The aqueous soisitidn 
was extmcted with ethjf^ acetate, Tlie cbmbihed prgasdc layers were siu<sieis^vi^y washed wi& 
ss IN liydfGGhloris; acid and wat«r, diied over sodiiinj sui&te and asneentristed m vacuo. The 
re^due was purified by srystallisation &om ^hyl acetate/diisoppjpyMi^r tp yieSd E£i!yIS€^D^ 

TtC: 1^0.2, ethyl aoetate/pyrsdme/iKjedc acid/wa^^ oss silica. 

The DCCiaOBt-couprmg between Ethy!SO2-D-Ch3-Pf0"OH and H-Lys(Eoc)^-*[CHOHCQ]~ 
QMeiiCi, saposiiScadon, Dess-Martin oxidation, deprotectiojt and purification were done 
according to the proc^dwes described sn exansple J. Yieid ; 163 s»g oftbe title compotmd. 
ltt (LC): 36.35 mm. 20% A/80% B to 20% A/20% B/60% C i&m mn. 

35 

E^a , »tf , ^ie3v 

(s) Cte"Lv3(Bocs'Fi CH()HC01-0£t 

Chz-Lys{BQc) ¥[CHOIiCO|-QMe (7Si mg) was disserved in 25 mi. of 3N liCb'ethaao? 
30 so1utior5 and stirred during 4 5 hours at room temperMure, The reactjors solution was 
evaporated to dryiie^s md eoevapor ated three imies with ethanol to yield 69 1 mg of Cbz-Lys 
*i^|CHOHCO|-0Et. This product was dissolved in 10 mL dry dichiorometharse aud di-ferf-butyl 
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&afbdrsaie {425 mg) was added. Hie pH the solution was adjusted sb<I majsitained at 8 syilh 
tnethylain'me and ifie reactlsn was stirred for 16 tea's at room tesj^mtm^. Water was sddtd 
the brgmilc tssyw was w^hed and dried to yidd 782 jng of the desJ^ed product . A^st 
fHjriScstiofi OS sika asing beistanss^^hyi acetate 2/3 ihe finaJ yidd ^'as 69& mg. 
5 H-C; Bf = 0.95, sthyl acetate/pyndine/aceJic acid/water 232/3 1/18/7 v/v/i«V on silica. 

(b) H-Ly^ecW fCHOHCO>QEt.Ha 

To a soMlo?5 of Cbz~Lysi:Boc)T|CHOHCOJ-OEt (696 mg) is ethmol (25 tnL) were added 
l<m palkdiism on activated catfeoa (3M £«id 2H IjydrGcl^teric m4 {QM tsL) and tfeis 
10 suspcsBsion was hydrogen^ad at atniQspherie jn-esasute ibr $0 tairtoteis at room temperature. The 
paSyium eatsfys^. was removed by fiitratioft asd the filuate was concesttratedls vacuo to yield 
H.-jLys(B(3c)T[CHOHCO]-OEt- HO (S25 ing). 

15 CclB7.ISG7- Rorl^^rcvcl0V4ljv~Lvs^FrC OCO]-OEt 

CoepHng with B2:lS02-!K>rteiCcyck>)~Oly-OH, djiidatioa, dqsrotectsoR ^ purtScstjon vtexe 
iom. according to procedures described hi Exampie 1. Yield: 1S6 mg of tise title compotsfsi, 
m (LG): 32.46 mis, 20% A/SO% B to 20% A/20% S/60% C in 40 min. 

The ojuplmg tewseiJ B7iS03>-narLeu(cydoK%^H add H-Lys(B0c)TtCHOHeOJ-Hlls.HCf. 
mA the subsequent oidda^on, deproteetion and parUic^^on ifejae aecordiag pnwedur^ 
desqrihied isi Example I tio yield 103 mg qf tbss title cors|Jound, 
2,f Rt (LG): 2730 mn. 20% A/SO% B lo 2&>A AmM B/60% C ift 40 mm. 

EfevlSO^- P-Cha-P ro-L ys^rCOCOl- OEi 

The IX:OHOBt-c.owplmg betweess F4:hyJSOri>-Ch2-Pro-OH (270 mg) and H- 
30 i,pCBoc)T[CeoeCO]»0£t.HCI (26S mg|. Oess-Martifi oxidalion, deprotectioR tmng 
trii«0imcetic asid md puMmtmn were dofie according to tte procedures described m 
Hxam|sb 1, Yield : 41 mg of the tstfe eGJ^pound. 
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Kt (LC); 40,7 mn. 20% ^'80% B io 20% A/2Wn C Ik 40 and msimam this nimrn 
0f duens for m additiosai 10 msa, 

Tk; DeC/HOEt-coispMng between EthjflSOs-D-Cha-Pro-OH (250 mg) mi M- 
LysCBoc)¥|CIIOHCO|~NHBzi.HCI (611 mg), Dsss-Martm oxjcia&jn, deprotectios tssing 
trilluoroacetic add and puritk^tior^ were dam according to the procedures described In 
Example 1 . Yisld ; 208 mg of the title compound, 
10 Rt (LC): 2%:i mm. 2i}% PJm% B/20%€ to Zm4 AJ$m> C in 30 ms. 



Jh^ pmcesdargs dfiscnb«?d in Exampie 1 were used to prepare the Htlt compound. H- 
is Lys#oc)i^[CHOHC0j!-m.Hd (0.S4 g) was prepared from Cbz-Lys(Boc)W[aiOliCO]-OH 
(0,95 g) as dese^i^ for H-LYs(Boc)'F[CHOHCO]-rNHBziiia- Thesj DCC/HOBt-coupSiig 

between ES%sS02~D~Cha-Fro-Oii (189 mg) and H-Lys(Boc)H^|CHOIIC0J-Mi2-Ha (179 
mg), Dess-Manin oxsdatiof!, deprotectjoo; using, trifiuojoacetic sdd asui pudficaUon yielded 126 
mg of the title eosTspoimd. 
20 Rt (LC): M j mn. 20% A/80?<Sk B So 20% A/20% B^60% C k 40 mSn. 



25 Cbz-Orssitlsne-OliHCi (25 g) was dissolved m 2 L of Nj^j-rdimeUsyl fprmsmsde aisd 12 mL of 
trsetltyl asnsne ■Vim aade^ of 8,5. 2-<iH-b©f«sJtriam!-l-yl)- 1,1,3^3^^^^ 

tetrafluoroborate {TBTtT 26.5 g) m 250 mL of N.N'dimeSihyi fepsiadide wa^ a^ded dtt-pwlse 
uisder vigorous stirring. The mixture was allowed to react for 10 hours room tempemture 

vitisik eoTstseously adjusting the pll vnth txiethyl amine to S,5. 'Ilie feaetion B>mfei.re w&s 
M) concentrated to drysess, dissolved in eihyl acetate and washed with IN hydrochlotic mid, 
water, 5% sodmm kydrogesi carboimie, water mi hnm, dried or sodium sulfate, filtered md 
eva|K>r&ted to dryjse:^ to yield I I .7 g of the title eompoosd. 
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(b) Cbz-no rVal(i^clo}-Oly-^Me. 

{S)-3H({beri2ybx>'carbot5yl)a3sii5o)-2^ (5 g) was <lissalv^ in dichioroEtt^hane: (50 

5 mL). At -20 X a IM solution of liti«um his itnmt^Mly^^^m&de in 
ttitmhydmhmti/sy^<}keix&m l/l v/v (26 mL, 1 equsv,) was added slowly mid she sslsctiifie was 
sUrred tor 30 mia. Methyl bromoacetate (1 .9 mL) was sisbseqiientiy added and the saixture was 
stirred for 30 irasiutes st roorti sesflperature. Tsie srJsture was dMuted with ethyl acetate ajid 
quenched wth a samratsd aqumis aH5mijmum cJiloride solutioB. Tte orgaafc layer was washed 
!Q with, water snd brlris, dried sodium sulfate, filtered and 

wssporated m vaoso. Tfee residue pursued by diroj«atogfsphy on silica gei (elaent: 
dfeblofssniethasj^raetfcanol 9S/5 v/v) to ysdd 4.7 g Cbz-noryal(<^clo)'^GIy-OMe, 
TLC: Ri« 0 aceti^e/hepiane 3/1 y/V on sil!ca> 

fc) BMv^O;-«orVal(cyelo)43jy~OMe. 

Cbx-norVal(cydo)--Giyr:OMe (4 J g> was dissolved in 40 of ii)«^faa«ol, 500 tng 
isallsdsisrtr os cliarctsai was added, 7,4 nsL of a 2N hydrb^hioric add was added and 
hydrogenated s:t MisiospNaic pressure fbr 1 hour at inbom t^perature. lie ri^clion mbaure 
was IHte^ied, 8\fapqratied iti vataio and ihunediaJeiy used iri the nm sti^ as H~ssor¥al(cyclo)-Gly- 

20 OMe. HCl 

The crude amisx; was dissolved in dschlorotrsetbafig (50 jnl.,) and beaii^'isulfoRylchlonde (2.S2 g) 
was added slowly at 0 *C. Triethylaaane was added to keep the pH at S during the reaction. The 
snixtsire i^-as stirred for I hour at. room temperature, whereafter the niistxjre was washed with 
wat«r aad brine, dried om KJdium sulfette, filteread aiidcraporated Jn vacuo. The residue wss 
25 pujiBed by droniatography on silica gel (duent: diehiofomethane/metbaiTol 95/S v/v) to yi^d 
B:?ISG2*riorVal(cydo>-Giy~C3 (2 g) 

TVC: Kf^J?, etbyl ac^te/pyridiiie/afietjc add/^ v/y/v/v on ^ca. 

rdl B?JSO:^norVa¥cyck>VGlv-0H. 
30 Tl>e sapontRCstion of B2;lSOrnof\^a1(Gydo)-Giy-<>Me (2 g) 4«>fie according to the 
procedux« described in Example I. Yield: I.Sg. 

TJX: Rf~0.40, sth>'l acetata'pyridiB^acetie acsd/wateF^^3/20/6/i I v/v/v/v oa siiica. 
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CmpMg Ijetweesi BziS03>s6fVaiCc>'cE#ay«OH and H-Lys(BocMCHOHC0]-QMe.HCl 
sa|}oslii{^tiOR, OJtidjstlojs, ileprotecdos and purificatson were done accerdisg to procediires 
described in Example I, Yield: lOTmgof ihs tUle compisand. 
5 at il.C); 24,4$ mils. 20% A/mA B to 2im C in 40 Jfisa. 

H~Lys(Boc)TfCHOHCO|4>-irPropylilCI (0 J2 g) was prepared usiiig the jsgtscedai^ descnSjed 

m for B-Ly4Boc)*F[CHOHGO]-OEt.Ha si? Example 3 starting from 

C.asz~t3fS<Boc)'r|CHOHCQ|'OMe (0,49 g) and a-i>ropanQl. The PCOHOBt-coiipliitg between, 
EthylSOj-D-CWro-OH (239rjjg) a«d H*Lys(Boc)T[CHdHCP]4)-i-PropyiiJ^^^^ (316 mg), 
Ds^Maitin o:ddation, deprofiectiOR usmg triilluoroscetic sctd and puri^cai^on were done 
according to the procedures described ^ Bxapple ! . Yit^d : 125 irsg ofths title compound. 

15 Rt (LC); 43.0 mm. 2iM ^^80*4 B to Ma% B/M^^ C in 40 e«jr. asid sj^ntain thb mtJitpre 
of eluesisior ss^ additional 10 mm, 

20 The pfocedsires desoibed in Exapple I wfsre Used to preipare the tiUe impound. Cb2- 
Lys(B«3c)¥|;CH0HC01-A£stidme (2.26 g) -was prtipared fh)m Gbz-Lys^B(>c)'Ft€HOHCO|-OH 
(2.7 g) as described for Cb2;-l-y5(Boc)*F[CHOHCO]-NHBs5l, Hydrogeaation of Cb»- 
LysCBoc)¥[CJ!01iC01-A^etidihe (SS^ mg) yielded m^s(BocMCHOHCO]-A2ffiddme.HCI 
(214 mg). Thm DCG^f^ipBNoupling imween BaiJ^ (175 mg) and H- 

Lys0^oc)¥|CHOHCO]-Az8t3dme;HCr (214 mg), Bess-Mariin oxidation, depmtectitm using 
triiooroscetic acM aisd puiilication yielded M mg of the title coTnpound. 
Rt (LC): 27.8 niia. 2Q% A/80% B to 20% A/20% B/60e4 G m 40 tmn. 
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CbaE-Ly;^Boc)f [CHOHCOJ-Azs^^ae vm- pfepared accsofdfeg to pjtjcedores descdbed k 
Exainpb 10. The hydregenstjpn, coupStag to BaiSOr-nofLeaCcydo^^ly-OH, osid^soJ?, 
depTOtectbn and puniicstsos were alsd ddm according io procedures described In Example i , 
Yidiil; 100 isg of the title <»mpound, 
5 Wl 0M% 35.6! msn. 20% AmfA B to 20% B/6Cm C in 40 min. 

<a>B23$OrOOTi^rcydoVG{y-Lys^fCHQHC01-.^i^dm 
10 B4SPrs>orl-eu(sydo)-€jly4.,ys(I^)T|CHOHCO]- Ijjrepared according to 

psmedures dsscnbsd in Example 10) (220 mg) was dsssolved m 10 mL of 
d3chlc«x>metl!taK8s/tri&soroaced actd 1/1 v/v and sisrred for 2 ho«rs at room teroperssJure, 
Solvaiis were removed by evapomtbn and the res*du^ titruated wth dis^jyl etii^ Y'vM: 267 

15 TLC; R^0,S7, sihyl acdate/p5«idjne/ace«i«i add/wat«r=63iS0/i5/i 1 v/v/v/v on ssHcs. 

BdSOrnorLeu(eyck)}-Gly4.ys'i'[aiOHCO|-AzetB5«FA (267 mg) was dissolved m IS aiL 
of lSl,N-<limsthylforsnaTn5de and 46 uL of ethykhioi^foriTsate w;is added ater wkich th« pH W&s 
20 sdjastsd to 8,5 with triethylamine. Aier stirring for 16 hours nt room tcsiiperature, the reaction 
rrsixBre was ti suited with ethyl acmte, washed wdh water, 5% socEur^ hydrogencarborsate, 2% 
dtm md mid Mm, dried or sodium sulfate, Sltered and evaporated to drjnfiess to yjfdd .150 mg 
of tlie title ^iompound. 

TLC: 0.53, dscMdronse^hsne/methanol 9/1 v/v oa a^iica, 

15 

(M^mm and puiiScatspn of B2iS02~JiOii^K<^elo)-Gly-Lys(Etijoxycarb^ 

AEsSdins (150 3Bg) wers dons acsordisg to proeedisres described tn Examfjie 1 . Yidd 25 aig. 

Rt CLC); 26.42 tmn. 20% A/60% B/20%C to 100% C m 40 min. 

30 
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Couplmg between BMSOrsorLeu(c>'ete)-Gly>-OH (describcid in Example 1) and H- 
Ly^BocMCHC>HCO|-O*sPr0py!lICi (desmb^^ m 9), oxidation, depmts»ttdfi ^ 

piixiBc&txon were dom according to procedures described in ExaKSpie 1 . Yield: 400 sng of ^ 
title comp05i!id. 

S Ri (LC): 40 jmn. 20% A/80% B to 2^S% A/20% B/60% C iis 40 vm. 

En&mpU 14. 

BajS<VnorLeorCTjfdQV^~LvsTOCC01-NH4Pr Qgv} 

m The DCGMOBt-coopang feetwees 1.96 g of B2{SOi-nori^<GydD)-Gly^H astd 2.20 g of H- 
L|s(BodMCHOHCO|-OMe,HCI and sa|J«ssfscatioa of tte prbduct were ^rformed a<xo«Srjg 
to the p^roeodiires deseribcsl hi dxampk; 1 , Yield ; 3 - i $ of the crude title compouctd. 
Tl,G; R^.-^^ Miyl aeetate/ijyricfirse/aGetic add/wstej**66/20/6/i IvhhN oti siUea. 

1 S (l>) B?jSO>-norLeurcydoVG1v4A'smod ^'[€ HOHC01-Nlf'igr6p ¥i: 

Ths EDCl'1IOBt-«»upHfig between 0.4 nsmol a;alS02-i50rLeii(cycfe>-Giy- 
LysCBoc)HTC!-I0HCO|-0!i assd 0.1 OS roL of isopropylamine, Dess Mastu's oxidatioi) (reaction 
time: 19 h) and deprotection were dosse according to the psx)cedurss described m exaniple I, 
Yieid: 1 50 of the title compo««d. 

IQ RtCLC); 34.01 mm 2S% A*? 80*/e 8 to 20% A/ 2p% B/ 60%: C in 40 mm. 

B?iSQ?'-nor Lear<?tfdoVC^v>Lvs*yr€C^ 

The EDGI/HOBt-cca^iing bssweeti 0,4 mmi Bal$03-aorLeu(cy<do)-<5lsr- 
25 Lys(Bos)¥|CHOHC03-OH ami aiOl inL of pmpyiaiiane, Bess Martb o^dation {tm&on 
time; 24 h) and deprotectfe^ were doiie aecsca-ding to the procedtsfss described k exan^le i. 

Yield: 144 mg of the tkle compouj^d. 

M(LC); 34,22 nsin. 20% A/' m% B to 20Va ,4/ 20% B/ C is 40 rain. 
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The EECMlOBt-coyplkg between 0.4 mmol B2lSOrno5rLsuC5jyck>)-GJy- 
Lys(Bsc)¥[CHOIIGQ]-C>H and metiiylaHane (0.4 mL of & 3 M solutiosi irs M,N- 
dissasthylfbrmaaadeX Dess Martm oxidadoo (reaction time: 20 fe) aad deprotectsos were done 
asoordkg to the procsdarbs desmbed In exaij^ie L Yield; 127 mg of the &1& mmpsm^. 
5 RtCLC): 28.36 mis, 20% A/ S0% B to 20% A/ 20% B/ :60«>o C in 40 mm. 

TIjs EDCl'liOBt-couplkg between 0,4 mm«3i ByiSOy^nofLeulcydoVGly- 
10 Ly8(Boc)¥|CIIQFiCO|-OH arid 0, 102 of p^trolldine, Dess Martin oxidation (reaction time: 
14 days) md dsprotection wsre done accoiding to the procedures descriljed In exsnjple i. 
Y?dd: I2S s?5g of d>e tills compound. 

Et(LC): 36,S7 and 37.38 min. 2()% A/ 80% B tp 20% A/ 20% B/ 60% Q in 40 mia 
15 Ej£8i»ple ! g. 

Tl^ EDCl/liQBt-couplsr^ bet»*«ea Q.4 inmd BidS02-<!KjrLeu<ig^lo)"Gly^ 
Lys(8ooMCH0HCO|« and etftylanitne {L7S mL of a Q.7 M solution in N,N- 
djmet%lft>n?jgRade), I>8^ Martiti oxidation (reaction t«n»ev 20 h) and digspfoteetion were done 
20 sccordmg to tfee psocedares descnbed Its example i. Yidd; 1 ISmgaftfieMle cornpoiind. 
RtCLG): 31 .30 mm. 20% A/ 80% B to 20% A/ 20% W 60% € is 40 mia. 

Example 19, 

BdSQ 2riKjrto(£?jfelo>Gh'^LvsyfG OC O|'morp hoUo-4-y{ 
25 Use EDCi/iiOBt-cotipliBg betweett 0.4 mmol B2:ISOi-noi:Leu(cydo)-Gty- 
L^Boc)¥{CBOHGG]-Ojl and O.IO"? mL oC moiphplihe, t>ess Maxim osddatibn (reactlOB 
&tm: 6.5 days) sstd deproteGtiot* were done a©:ording to the proc^u^ exatnpie S . 

Yield; I4S mg of tke title compound. 

HtCLC); 33.B and 34, 1? ma. 20% A/: S0% B to 20% A/ 20% B/ 60% C in 40 mm. 

m 

Bz!S02-norUjifcycb\-Gly4,.vs^f CQCOH ^-^^ 
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To a mMm of 2.4? g of thiQmorpliqJsse in IS mL of niethaaol was asideiil 5,75 g of dksrt- 
buiyt dscarbossfe nnd 4 tr^ of ttiskhyi&mim, AJ^sr stirring at room tempr^tare for 3I\ 50 mL 
of fethyl acetate was added asd this sdistion was washed with wms^ adjosted to pH 3 with 
isydrochlonc acid, water* aqueous 5% sodiijm !iydrog«icatiS>Qiis£e aad iKisse, dried 6w 

S jsjagnesjum sulfete mi ssssitcentmted to give 4.73 g of H-tert-b«tyloxycaffe(myi iMotsKMrphQime, 
Thas sesidue (4.73 g) w»s jUsisolved ifi 50 mL of dicyomin^^liane and 50 sejI^ of water wis^ 
added, to tfe sdited msxtare was added 1 ! g 3~^oroperoxyfe«iQ:oic md (80 - W% farity) in 
mall portiom keepsng the reaction; mixture st pH 7, After stirring si mom temperatisre for 16 Is 
the water layer was separated, the organic layer washed with 5% aquetJus scxiium thbsulfate, 

10 5% aqueous sodium hydrogenearboissie (thj^e times) and brine, dried over magnesium sulfate 
assd cosicsntjated. The residue was purified by chromatograpisy osii silica gel (eiu^t: ethyl 
acetate / J^ptatjes 2/3 v/v)to gsve 5,7 g of N-tert-b»*^loxycarfsonyl feiomorpholine l,i>diQ)dde. 
This mlton (0,625 g) was disisoived in SO ihL of a 3 M hydrogeochfonde solatiqrj in dioxase md 
afisr stirring for 4 hours at room ismptKMUre Ihe rs^ctson mixture ms& cpacentrat«d to 

15 0;S79 g of tMomofphslij^ I, l-dioxide hydrochloride. 

The ED€MiOBt-co«|jUng bstween 0.4 vtmcH E*^SCh:-norLeu(jydo>GIy- 
Lyg(l^)'F|eHOHGO|-Oe aisd 0.21 g of thiomorphoUne IJ-dioidde hydfocyoride, Ofiss 
M^in oxidation (r^c^on tsisse: 3: days) s^d deprotecSspn wm; dans aocorj^ag to th^ 
pfocedsjr^ described sn example I, Yield: 180 tug of tbe title compound. 

20 Rt(LC}; 33,64 nin. 20% A/ SD% B to 20% A/ 20% B/. 60%: €; in 40 min. 

The EDClfHOBt'COiipling beiweetj 0,4 mniol B2lS02-iK>j-Leu(cydo)-Gly- 
Lys(BocMCHOHCO]*6H and 0. 12 g of HMmethylhydrtssylainiBe, l)ess h^tn oxidatiori 
(reaetioii tisie: 3.S dag^) and def rotectson wens done accordiiig to tJse prossedbres described i« 
exais^le 1 . Vidd: 136 mg of the title compounid. 

Rt(LG); 33-80 atsd 34.53 ssdn. 20% A/ S0% B; to 20% A/ 20% 60% C in 40 mia. 

30 Eiasi3i>te 22. 

BjdSO^nQfL^reydoV-Glv..Lvs¥rCQCOH2~fc arboxamid)a3aidin-i.-r^ 

The DCC/.HOBt-£0«piiiig between .1.13 g N-tert-butyioxycajt>onyi--L-azaidine-2-carhoxyiic 

aeid md I J8 g smismo^um chtorid© was pertbrmed as de iis example I to give 0.468 g 
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of N~tert~butyloxycsrb0nyli'a2£tidis&*2-c^ This anade (0.224 g) was dissolved in 5 

s«L of a %M hydfogeischlonds soJuUon ia dsoscajse. ASer stifring for 3 ht>ars &t mam 
tsnspienatijre the fssacdcisi rnixtisr^ was coi5eentrated to gsve 0.17 g of aKetiilma^S-caiFboxamitle 

5 The EDCI/liOBt^cossisling betw^fi 0.4 mmol B2lS03rSiori-«^(c3K^«i)-Oiy" 

oxjdation (reaetlon timt^: 20 h) spd deprptedion done according to ptoe^ures 

descdl:K?d isj example 1 . YseB: 58 mg of the title consposmd. 

Rt<tC}: 26.43 sBis. 20% A/ S0% B m 20% 20% B/ 6iM C ia 40 mm, 

!0 




fp s stsnred soWcsn of 11,64 g :ofBoc-p-ClK!i*C)M la 100 n^L of {Sjchloromethsde at 0*G was 
a^sfed 6,36 g of HOBt 9.72 g of DGC. Mer 26 isumites a solistioa of 10.35 g of K-Pro- 
OBkI . JfQ sa 40 mL of (Jiii^oroas^sEistoe skIJus^^ with N^N-diiiSopropyl ethjdsunine to pH 8 vm$ 
sdded Alter 16 1^ the reaction mixture was Sitered and the Mrate w^ s^iccessivdv /vnth 
water, 0.1 N hydrocMoiic add, water, a:|tie<»js 5% soiUum hydrogenciErljdnste and brine. Ai 
a«peous washes were extracti^ Mc© with ethyl acetate, all organic extracts cpmbmedy dieted 
20 oyer scsdmm mifate ajid cojicessttated. To ihs residue was added a isssxUire of ethyi acetate/ 
he|5tanes ~ I/I (v/v), the resulting suspensson filtered mi th& ilUrate purified by, 
cmosTiatography ors siiica gd (ebent; ethyl acetate/ hqstanes l/i v/v) to yi&id 19. M g of Boc- 

TLC: Rf==O.S, dj<?h|ommsttoe/meil33»ol'-=Wi v/v op siiicsa. 

25 

Cb >oFrg8N?lS0^- l3^€h^Pro-OBzl 

Boc-D-Cba-^Pro^OBid (1:01 g) was dissolve i« 42 mL of a 3:M Hydrogeneh!oride solutioit in 
dsQxssnie, After stirnng &r 3 hotjfs atroois tetitpefature: the reaction mi^re was cojxcentiBted. 
The re^dye was dissolved iti 35 mL of dic^ioronietbanc aiid cooled to (fC. To this stirred 
30 siOltitioR was added 0.22 tssL of l-iJfopasesuliosy! eiaoiride atid pH ad|»sted to 8.S. After 
stirnng fi>r 24 h at room tempmtofe tiss jsaction tnisiure Was GOsicentrated. The tomdus was 
dissolved m etisyi acetate, washed sucee:Ss5¥e1y with aqueous 5% sddluiti hydrogenc^onate, 
water, aqueous 5% dtric add and btint, dried over magfiesitim suifete and concentrated. The 
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crude product was psirilied by chromatogmpfty on silica gd (eluenr. ethyl amate/ iieptases ™ 
i/1 v/y) tp field 0J5 g of siPropyiSGrO-Cha-Fro-OBai 
ILC: Bm).6, etisfl acetate? Iieptahes - I/l v/v os sslica. 

ftPropy|SOrI>Cha-FfO-0Bzl {0J5 g) was iiydrogejiaM using tlie proeejduits desa:ilM ifi 
example i to 0,54 g of nPropyiSG2-i>C WfO-GH. TNe I>C€^OBt osup&ig of 22$ a?g 
of nProfsylSOj-D-Cha-Pjxi-OH and of HrI.ys(BDc)T[CH0HC0]-O-iFr»pyLH-C1 and Dess 
Msrtm oxidatiss^ wsr© perfomisd according to tije protiedures described in example 9 . Tlie 
10 BsK>group was removed using a IM hydrogencyoride scsiutio?^ in dsoxase as described above 
as4 tJje mide prodisct |X3i^d umg the prej^ative HPLC metfeOid described p c»casBple L 
Yield; 4? ssjg of iJ^e title cempoutsd, 

RtCLC): nA trdn. im A/60% B/ 20% C to Hm A/ W/a € 'm 30 min, then t© 100% C in IQ 

15 

Tim title compound was prepared from loc-^D-Gha-Pro-OBzl aud {-)-IO-caniphors«lf0£syi 
cNoride using the pmeedrires described in example 23. Yidd ; 12% frdm Bfi«-l>Cha-i*fp-0S2|. 
M Sli(LC): 33,6 min. 20% A/ 60% Bi 20% C to 20% A/ 80% Glin 3d min, then t& WQ% C W. 10 
min. 

25 The title compooad was prs^ared fK>m Boc-D^CIja-Pro-OBzl aisd bensssnesuifotsyl chioride 
asj% the procgdures descrsNs^ s« Yield : 9% ftom Bpc-D-Ci^4*r6-OBzL 

m$X:): 29 J min. 20% A/ 60% B/ C to 20% A/ C ia 30 Ma, then to 100% G ia 10 
mi», 

MeilwiSOr P-Cha-Pro-LysTrCOCOl-O-iPropvl 

The title eompoisnd was prepared ftoin Etoc-D-Clui-Pro-OBjd and sisethanesiilfooyi chloride 
uskg lite pJXicedyres described in example ZS. Yield ; 18% from Boo-D-Cha-Fro-OBzl- 



WOWS8428 



FCT/EP9&^2S87 



25 

Rt(LC): 24,3 mm. 2CR4 A/ 60% B/ 20% C t» 2{F/s A? 88% C ia 30 mfc, thesi to 100% C m 10 
mti. 



Hie title compmHsd was prepared &©m ani k«3|35t3|3yis«llonyl chtoride 

usii^ th« proc®sfesre§ described in escampb 23, YieW : 2% from B<s<>-0-Cha-l^<s»-OBM, 
Rt(LC): 26.S min. 20% M 60% B/ 20% C to 20% A;' 80% C in 30 min, thea to 100% C m 10 

10 




The title sdmpmnd pi^aM &ons 8qc-D-Clva-Pfo-OBz3 arid a-tbiuesjesulfoEtyl chloride 
usisg tiss prsje«disf es dsscribi^ m exampte S3, Yield : 1 1% iixsn Boc-D-Cha-PfO-OBzl, 
IS m(l.C): 3&.4 msa> 20% A/ 60% B/ 20% C to 20% A/ 80% C in 30 mm, then to 100% C in iO 
mSsi. 



20 '.rhe tUle coanpound was prepiared from Boc-D-Cha-Pro-OB/J and i-butaijesulfonyi c^onde 
using the procedures described in example 23, Yield : 29% Irom Boc4.>-Cha-Pr&-OB?i. 
Rt(LC>: 29,3 mis. 20% A/ 60% B/ 20% C to 20% A/ 80% C m 30 miji, thea to 100% C m 10 



25 Exagii|>ie3&^ 

|3-fbeTizvlsu1fonylamStm M-methvl-2-^^^ 

The WXMOBt coupling of 151 mg of [3^^0*mEyisuUbnyl*mmo)-6-ftiiethy^^^ 

dihydropyridinylj-acetic add (WD 97/0 B3S) and 205 mg df H-Lys(Boc)'f|CH0HC0|-O~ 
iPropylHCl, Dess Martin oxidation, cseprosection and purification were pesfomed adco^dkg to 
30 the procedures described isi example 9 to give 9 1 mg of the title compound. 
RtCLC): 34.7 min, 20% A' 80% B t» 29?i A/ 20%B/ 0Q% C in 40 sun. 



The DCOHOBt souplmg of 178 mg of [S-CisettJiylsttlfo^^^ 

mmc md (WG mmiW) arid H-LysCBoe)^tCHOMCq]-0-pr^^^ Dess Mu&n 

$ oxidste were perfonned mxitdmg to tie procedures described In example 9, Beprotectiois 
nm$ hydrogencMoride i« dioj^ae and puriltcation were performed apcos^mg to tise pfocedures 
described m example 23 to give 1 16 mg of tfe title compoyisd 
lit(LC); 32.4 aim. 20% A/ W/* B to 20% A/ 20% B/ 60% C in 40 mm. 

|;3-(bmgj flsu|forty4ammo) ::6 ^ 




The DCOHOBt coupling of 2p of [3-<b«Sizylsuilbnylambo)-6-methyi'^^ 
diljydfOpyiidmyl]~seetie (WO 97/01338) and H-Lys(Boe>^[GHOHC01-QMs MCI 
accori&jg 10 th© p-pcedtu'e desoibad m ©taanpfe i ^fielded O.Sl g of [3-<be»2gflsHlfoa:^ammo>- 
15 ^-methyl-a-mo-I^S-^il^ropyndlftylHce^-L^^ SapomSsiatioJi of Ms 

methyl ssster, EDCMIOBt coapltng with amtooniajm chlpride, Jtilsrim bxidatioa, 

dei?rotection asd purifjcsticsn Wa-e performed according to the procedures ddacribed in example 
14 to givs 76 rng of the titlfe compoj^nd, 

Rt<LG>; 26-?f mm. 20% A/ B0% B lo 20% /V 2«% B/ 60% C in 40 m.k. 
Example 33. 




To a stirred solufen of Q,S g of H-Aad(OtBu)-OH in 4.4 mL of aqueoys I N sodium hj^lraxide 
25 ws^t added 0,42 g of beaa^MfenyicMoiide m 2 mt of dsiSsane. Afi:«3' 16 hoars nt room 

tsss^ratyre. ^ditlojial t4 tnL of a^jueous 2 H sodmm hydrosade, 0.5 mL of dioxane and QM 

g of b^JzylsulfenyiclUojide were ^d*^ and tiiie reaetaoo tniiaure stirred for M additioaal day. 

The dioxane was reiaoved, water was added, tlie niktUre made aeid (pH 3) «^ng bydrocMori?; 

acid sftd extracted twk:^ v^th dbthyi ethfs; The sasmbined ether layers were dried over sod"mm 
30 sy l&t e mtd concesstraied to give 23 5 mg of Bz! S Or Aad(OtBu)-OH. 

TLC; M-"0,7, dicMoremetlmae/methaiml/water = 14/6/! v/v/v (m silica. 
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DCX:WBt eoiiplirsg of 235 of BzlSCb*?^ti0>t8«)-OH and 168 oi M-WriMmm 
followed t>y fi^drogenatidn as described in ss^mfjie 23 yielded 193 «ig of the title coa^souisd. 
TLC: RH>.6, etiyl amate^iri^ridmg/acetie ad i v,V/v/V oift ^ica. 

5 

The DCOIIOBt CDSiplsng of 193 0ig of e2iS02.Aad(OtBii)~Pm.€>H md H- 
Lys(Boc)¥rCii0liCO]-OMs HQ, saponincatian, Dess Martin oxidation, depfotectioa ami 
pyrification wese perfbnned aceordiag to the procedures described Ip ejcasspk 32 lo give S5 nig 
10 of the tkh mmpQWid. 

ilt(LC): 26. i mm. 20% A/ S0% B to 20% 20% B/ 60% C i« 40 mm, 

IS S^r^sjg with H-Glii{OtBiii)^6H according to the route descrihal ~m exaaijpie 33 gave the jStJe 
compound. Yvdd: 3% from H^lu(OtBu)>C*H. 
Rt0X): 22.6 min. 20% A/ 80% B to 20% A/ 20% B/ 60% € m 40 nm. 

Staitmg witiv H-A.sp(OtBu>-OH according to the route described in exasnple 3.3 gaw the title 

compixsnd. Yidd: iS% from l;l-Asp(QtEy)-OH, 

Et(I.e)- 2L9 mn. 20% A/: 80% B to 20% A/ 20% B/ 60% € b 40 mjn. 

EtSCVD-TvrrMeVPr«4. ysM€C>C0>Nlig 
(a) EtSOrt)^TvrfMe)-Fro^OH 

DCC/IIDBt cQuplmg of 2.22 g ofSo€5-D-1yitMe)-OH aad2.0 g of HrPro-OByJ , HO, reitioval 

of ft© Bos protecting group, sulfo«ybs:ion using ethane sulfonyi ehk>fide and hydroge«auoi5 of 
30 the benzyl ester using the proceayres described m exampie 23 yielded LO g of the title 

TLC; Rf=0,23, diehlorometimne/jne&ariol = 95/5 vA-* ors silica. 



wo 98/sa4M 
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fhe DCC/HOBt sxsupilsg of 2S4 mg oC BtS0i-D-TF(Me)~Pro^H md H- 
Lys<Boc)*F[CHOIie03-OMe.HO, sapoitificatioa, EDCi/HOBt coapSng vwth ammoittum 
eMoride, Dess Martm ojddatbn, deprot^ioa a«d pwrification were peifermdi according to the 
5 proee^Jures de^csibed m est^plg 32 to j^ve S3 mg of the title cbmpoaud, 
Ri(LC); 2S .0 iate. 20% A/ Si3% S to 20% A/2p%B/ 60% e k40^ j^^^^ 

Example 37» 

StSOrO-Tyr?:MgVPrQ4,v s¥rC0C01-O-iProp yi 
8© The mcmOBi coupling of 0,5i g of EtSCVD-Tyr<>'le)~Pm-OH aral H- 
LysCBo4¥[CHOHG0]-O^jPr^l.HCl Dess jKfianm: oxidaddn, dqjrotectipis and ptssSdsatsoJit 
Wiere peffcSnsed aecordmg to the procedures desmbed sn: example 9 to give 223 mg of the itle 
cosnp^sund, 

RtCLC); 3 6.5 nan. A/ SiF/» B to 20?4 A/ 20% B/ 60% € la 40 mm. 

IS 

£tSO:>-D-Tvr(MeVPro -LvsTf COCQ I-Asetidine 

the DCGMOSt coupling of 307 mg of EtS02-D-Tyf(Me>Pro-OH and H- 
LyS('Boc)¥[GHOFI;C01-Azetiding.HCl, Dess Martin oxidation, deprotectbn and purificatioa 
20 vi«^ per&msed aeconlmg to the procedures de$cribed in example 10 to give S3 mg of the title 
compound. 

Rt(EC): 36,4 tfim. 20% A/ 80% B to 20% A/ 20% B/ 60% C in 40 min: 

fh& Ms compound (43 mg) was obtastied as ^c»Rd product b; the p^ficatipn of ejeaniple 38. 
Rt(LC): 38. I mxi. 20% A/ 80% B to 20% A/ 20% B/ 60% C m 40 tnin. 

E:j^aim|jk 46. 
30 BzlSOrP-I>pa-Pm-Ly$¥rCOCQ>C>-ti¥opyl 
{:4 EdSQyD-D^d-Pro-eH 
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Removal Of the Bgc ^{MP of 13 g of Boe-Mpa-Pro-OB^I (^^^ resctiots with 

t^azyisalfenyl cyoride asid rensoval pft\^ benzyl esier sccording to fhs proceiiires dsserifeed in 
«3£an3jp!e 23 to yield 1.0 g o^ifee title compound. 

IXXI: R^,63, ethjii aeesate/pyridsne/acettc a^d/wat^t63SW6/nv/v/v/Voa silica, 
fbl BdSQr-l>-Dpa-Pro-Lvs^rC OCO >-0- IPrQ}l;sH[ 

The DCOHOBt coup&g of 0.31 g of B?iS02-D-Opa-PFo-OH and H-Ly<Boc)'i'|CHOHC0]- 
O-iPropyLHCI, Dsss Msrtm oxidation, ^protection and purification were performed according 
to the procedures de.scnbed m example 9 to give .50 mg of the title compoimd. 
10 Rfc£LC); 32.2 fsisj. 20*/* A/ m^i W 2Q%G to 20% M 80% € m 30 mia, thes to iOO% C m iO 
ma5. 



JUWfWMVVWMIMIiVIMIiVWiMiWWWHIih 

A ^imal solt^ion of 3.0 g of H-teu4>Me-HCI in 30 mL^ was aj^Msted to pH 

8 5ijsi$g trietlsylamirse sxid cooled at O'C. Thea 3.2 luL of eahaaesulfojio^ chloride and 2.3 siL of 
triethytoise wsrc* added. .Aiter stistifig fer 16 h at room temperatare the reacSian STHxture was 
wa.med successively with 0.5 N hydrochionc add, water and aqueous 5% sodium 

ao hydrogenci^rbonate and concentrated. The mtde product was purified by chromatograpijy on. 
ssHea gd (eioenl; dichlorotnethaiss,'' methanol ~ Wl v/v) to yield 3.3 g of BtSOx-Leu-OMs. 
TLC: RfH).69, dieMoromedja?ie/ «tliyi acetate™^/! v/v on si^ca, 

25 EtSOi^Loi-OMfe |3 .3 ^ was saponified (pr«?c^ure example I), coupled with H-Pro-OBzl 
Cprocedyre sscampie 23) and the resajking ;4ip^i# ^ffe'og^^s^ (prooedufe example 23) 
tjsiisg the indicated pfocsdurss to give %4 g of the title compound. 
TLC: RiMJ.I U diijMoroftjeiijase/ ethyiacetate - v/v on ^ltca. 



30 Cc). £tSOx^Leo-Pro-Lvs¥rCQCQ]~C)4PropYl 

Ths DCOHOBt coupling of 145 mg of EtSOa.-Leu-Pro.aH and H-Lys(Boc)^F[CHOHCO|~0- 
iPropyi-HQ, Dess Martin oxidatson, depmtection and purification were performed .according to 
^ prociSidssres described iis e«mpie23 to give 120 mg of the title eorjipound. 



wo 



3i> 

kt^C): im min. 2(m M60% B/20%C to 20% A/ S0% C m 3() uia. 
E^saMgle 42. 

To s solution of S^-^-CU ^~<^teethylethox>'Carbon3fiamiao)cycbhexyJ]~2~l>ydr^^ 
pmpbmc acid methyl ester (Lyie et 4. Bioofg. Med. Chem. Lett., 7, 67-72 (199?)) (294 ajg) is 
methanfi (100 mL) was aiMed 2N hydrccMoric acid (0.425 mL) Mul IQ % palladium o« 
activajed mbm powder ^^,45 g) snd tlss^pemion was hydrogeh^eil at 3tsnos|teK; 
iO pressure m ros^ temperaSuire for 16 hoMis. The palJadiutn catalyst was rtmemd by Slsjadeis 
^ the solvent was removed bjf evapratsbji stt isdueed pressare yseSdtng 
Acg(Boc)«F[CHOHG01-OMe.HCi (289 mg) as a mixtam of dmstereojnes^. 
IXC: B.f= 0.26, sslfes g4 ethj?! acetate/irj^diae/aeet ic acid/wates^232i'3 1/ 1 8/7 y/v/v/v> 

Tfs8 lX!e/?-iOBt~coupling!3eSween 0;27g of BzlSOj-nor^^^ and 0.25 g ofH- 

Acg(Bocp:FICeOMCO]-OMe.FICS, saponi ll«UioR, EDCL'IlOBt-CDupling with axetidsRe 
hydroc-hlorkk, Dess Martio osidst joss and deprotection were done according to the procasduires 
dtsscrib*^ in example 1 . Yigld; B2 mg of the title compoum!. 
20 RS(LC): 34 B &nd 35 A mn. WS A/ 80% B to 20% M 20% B/ 60% C in 40 aim. 

25 A stirred solatsoK cif 0.34 g of H-Acg(B0c.)TrCHC»ieQi-OMe.Ha m 10 mL of acetomtriie 
and 10 of H,N-dimethy!fommiTside Is adjusted to pH 8 using N,N-diisopropyiethylamine; To 
thb sobtbn 0,24 g of N-beazylo)£ycarbo«y{oxysuccm»mide was added. After stirrii?g at roora 
temspemsjre fsr obs hosr she reaction niixtisre ^^.-as coiscejstmed. The ressdue di.?solved m ethy? 
acetate, washed with water md brme, dried over sodiuRi suifate ami eoncestfated. The residue 

30 was pijriSed Ijy chfon^atogrsphy on siSea ge3 (s^aent: ethyl acetate / heptanes 2/3 v/v) to give 
0,287 mg of Qsz^cg(Boc)^[eeOHCO|-0Me- 
TLC: M^O.25, e%l acetate / heptatjes i/l v/v on sUica. 



my mmm 



31 

To a stirred mmmm of 5 mL of tetrahydrofuran aisd I mi^ of 2~propaaol i3fj(|ef a nitm^s 
atsE©sph«*e added sbwly added 2,5 mL of a i 6N n-feutylBthjism soiutson In hexgaes. Afio" 
5 20 nsnufcKS a solutbnof 0.28 gof Gbz-AcgCBe&)SE'|CHO 5a^ of a-propasof was 

adiied and stirred for 2 h at room tsmpet^tuits. Then 0; 5 mL of acetic mM was add*^ sKsd tlte 

reactkm mixture was conceistrated. The residsje dis^ived in acetste, ^^hed wi^ wates*, 
dried Gv<3- sodiam sulfate md concentrated. The rssidue was puriOgd by chromatogrsplsy on 
sifica gel (duent; ethyl acetate / he|?la5>es 2/3 v/v) to give 0.223 mg of CbK- 
10 Acg(Boc)*F|CHOHCO]-Oil^ropyl 

TLC: Bj^'O.iS, eis^l acetate / hej^nes 1/2 v/v on siica. 

To s ^lution 0f 0.22 g of Cb«^Aegl(BGc)^P[CiiE0HGO3-OiPropyi m N,N-<H!i^yifprmsmide 
15 were &3ded 10% pallgdte on aciivated carboss (80 Jiig) a«d 2M hydmchJoric add (0,23 mL) 
and this sus|>e!i^oi5 wss feydrogsKiat^ sij MmQ:^he# fS'essure S?r I hour at room tgtnperature. 
The palladluin icataJyst wasfemoved fey Sitrstiois- This fjtfate v^s used m a iiCC/flOBt 

coupling wkh 0. 166 g of EihyiSOj-O-Cha-Fro-OH using the procedure described in exampis 1, 
The proQLsct wss oxidised ming ihs Dess Martjj^ reagent, the Boc-group removed and puriii«d 
20 using the procedjif es described in example 1 , 'V'idd: I OD mg of the title coropouJid, 
RtCtG): 30.0 20% 60% Bf 20% C to 20% A/ 80% C m 30 mm 

Ffefof&tion of £iSQy-B~X~LysH* f^C{3CQ1-C>^ffl^^ d erivatives m solid shsse. 
25 faVTeoe4.A?s^BocH*[GHOHe0VO*iPropyl 

Cbz-Lys^BocMCIlOBCOl-OMe (ID g) was hydrogeaated uftder the co«dUions descsibed m 
8xam|jl8 If to afcd R-Ly<BoeP^CHOHOD]-0Me In qaarititaljve j^eld. The crude product 

was treated with 2-(tjiiBethylsiiyl)ethoxycarboByi hydroxy-siiccimmide (6,7 g) in N.N- 
dsmethylforamasde (100 mL) in the pre-sesice of N,N-diisopropylethyia,mine (pH === S) for 2 
30 hoars st room temperature. The reactioR misdsire was evaporated to dryness md the. ressdue 
was dissolved ip ethyl achate aod wasiied with 2% aqueous citric add, water, .5% aqaeiJMs 
sodium hydrogejicarbottate a«d brine. Drying over sodium sulfSEte md evapomtjon of tise solvent 



wo 98/59428 
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aC&rsled, after ehromatogrsphy or silim gel (elueiit; ethyl aeetst^^taise ^ I/I v/v), Teoe- 
Lys(B(?c)'*[CHOHCO|-OMe (9 A g). Subsequent ^nsestentloasjcp was lecompi^sed by 
addsng drbpwise Teoc~Lys(B6cJf'iGH0HCG!}~OMe (2.8 g) to a stirred mixtee of ssoptopyl 
glcoW (S.4 mt), IW (27.1 nC) and 1.6 M n-\mtyl ittimm in hexasie (13.6 mL) at room 

S temp^eraiure, Mimt I hmr the ristetiosj sas^ure was oSoled to O'C aid giadal acfelic ad^ (2.5 
ml^i) was added: TIse rm^oa mtxtare was cdncefjtiated to a simll volosnie assd Stilted witb etfeyl 
acetate, with water (2x) arid dried over sodium stdfate. fi&atloR and refn0va! of tfee 

solvent is5 vasyo gave the cmde product. Chromatography on sslsca gel (ekent: sthyi 
aeetstey'lisptajsg ^ 1/1 v,/v) afforded the title com|>oursd (2.9 g). 

10 TLG: Rf==0.53, heptaae/ethyl acetate l/i y/v on siJsca. 

a?>Teo<;-LysrC 0-Q-methv i-m5m^¥fCHOHCOf^^^ 

Teec4.ys(Boc)'^F[CHOeCO>^-iPropyl (l.Z g) whs d^ssofyed dsediyi ether (36 mt) aad para- 
tolusrae sulfonic scid {l.t g) was added. Afier 2 hours at 30 X tW n^adiop rsaxtu?e wax 

15 ssapoi-ated and the rescue was dried m meuo to ^ve Teocr^Lys*i*[GMOHGO]~0»iPrcj|jyl. 

To s susfsensioss of 4.2 g tsf hydrox;^ethy1-Tesm (Bachm, 1.02 niisKjl/jg) in 50 tal., of 
acetofsiirila'diclsloromsthsne (l.^I v/v) and trieihylsmme mLf wm sdded N,N- 

dlsucemimidyl carbonate (3, .^6 g). TBe suspersskMj was shaken &r 2 hours at aKiJskm 
temperature m an orbrtal shaker. The fesm was fdlered off and washed with dichloromethaRe, 

20 acetoititrile Mui dscfelofomethane (three tiroes each) and dried. Teoc-Lys*F[CHOHCO|-0- 
iFropyl (ses ahove) was dissqlved sn SO mL »f ?K!^onaijiie/dicypro8}etliane (l/l w'v), The pH of 
the soMon w«.s adjusted to S using trieithylansifte. Tim solution was ad^ed to the resm a«d the 
susp<^sios5 wssihaken ibr 16 hours at room tempmturt;. The solvent was removed by Sl^^on 
and the resin was;;ws^ed according to the pro<^d«res described earli^^. Aftef diyit% in yiacao, 

25 5.43 § of Teoe'Lys<c;6-0-m€$hy!4-ed«)^[C^ vim ob^tained. 

(c) ll-l4;i02H>«^^ 

A su-^perssiofs of 2,5 g of Teoc-Lys(C0-O-niethyi-resin)T[CHOHC0H")~ilM>p>'! in 
trifiuoroacetic add/dbhiorometharse (50 mL, i/9 v/v) was shakes^ fe>r 45 mm at room 
30 tepsperatMFs. Tk; re^n wa$ itboroughfy mshed mth dichforomethime and dried md& high 
vaeujssst to $m M-L^s(CCM>-m8thyl~j-esin)¥iCH0H^^ (2.5 g) 
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H4*ys(CO-0-n^8%l-fe&m|¥|CIIDHCd]-0-ii¥opyi vvas divided (sver 4 reactors in poitio«s of 
500 mg, fhe msin wm waslsed with a 1% solutton of Rt^illsop:<>pylethyiamjne In 
djd}iQromelhaise/H,N'4s?^^ (3/2 v/y) m4 dicMorom^hane (tlifse tiaies eaeii|. 

NesEt, 10 mL of dlchlof©meUianeii*N,NH3jm^ylfof^ 0U v/v) sdded to t|je resn 
5 felbwed hf bpildkg block BqerX-DH (139' mg Boc-I>-leu-OSi, 139 mg Boc-LeurOH, 148 mg 

tetraSuO!X5borat« (TBTU, 193 isg) and N,N-d!isopropy!ethyiamine (!05 'piL). The smpemim 
was shakes &f 90 nm st room temperature, whereafter the solvent was removed by filtration, 
TIse resin was washed with dichlorometl5ane/N^N-djsnethy?formajJ»de (3/2 v/y), N,N- 
!0 dimstliylform^ide and didsiorometiiasie (three tiisses each) asul dried. 

Tl^ SoC'group of the four dsfiereiJt X'blpck? was removed istid^ the s^e cosdiUoSisi as 
described for d^rolactioa of the Tepo-groiip (see example 44c) to ^ve foiir times 500 mg 
15 of H~X-Lys(C0'O-methy^rfesiit)¥[CHQHCG]-O-^f^ this re»R (500 mg) was distributed 
over 5 fesctlojs vessels. 

ffl.H^O^>B>X-Lvs(CD~0-methvf-resm>mHOHdOWtTropv^ 

The coupiiKgs of the second foulldisig black EtSO-rB-OH (27.0 rtsg EtSOrAsii-OH, 26.8 mg 
20 EtS(h~D-lm~QE^ .30.8 mg EtSCb-0-Phe~OH, 36.8 mg EtSOj-Nal-OH and .32.4 rsg EtSOa-D- 
S-Tsq-OH, prepssred scmrdsrsg to the methods as described sb exartiple 41) were performed 
und«- the sasrse cosditfeas as described in procedure <d), based on 100 mg rsstn. After work~«p, 
the 20 r^^etion v^els (r esid^ag Irttm 4 dtlfe^t X i>kM5ks and S differssst B blocks) vm^ dried 

25 

(g) EtS€>>'B-- X-Lvsr€0>0-tBe t hvlHresinmCCC 01-0^iPr ^ 

EtS0rB'^^-^l.ys(CO-O-mMhyl-refsjn)*F|C^ (100 mg) was sWoiten m a 

sotatbn of !--hydroxy-i;2-ben23odoxo!-3(lH>-<>ite 1-oxide (0.18 M) ki dssi^sshyS^lfoxsde (2 

RxL) and i!ichloR>metharie (0.2 mL). The reaction nuxture was allowed lo shake overnight at 
39 room temperstyre, whereafter the solvent was remtwed by tlltratiao. Subsequent wasbisjg with 
dmiethylsulfoxsde md dicMoromethane (tfeee tiisit^ ^h) sfforded, after drj^ig, EtSCVB-X~ 
Lys|;C0-0-methykr^in)*S1C0C0]-0-jPropyl. 
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A solutidis of tMmto&mifi acsd/thioanisole (2 mL, lO/l v/v) was mMed to EtSQ2-^B-X- 
Lys(e0-O-m#iyl-r«smMCC>CC)|-^O^fPropy! (100 mg) md the rsstOiosi mixture ^-as ^«sa 

5 for 4 ters al room temperaiure. The resin fiJtS"ed,,«mshed with mfijiordaseti^: acs^ (tfimi 
times) whereafter tfse filtiate was evi^or^ed io ds^isss liR va<?uo. The re^dae Was iinsed wjtli 
heptatie (2 ml) arid v%oro«siy whereafter the hept^ layer was dsssaMed. T^s 

procedure was rgpe^ed twice. The crude product was sssd disnsctly sppli^ m a 

preparative Supekosil CiSDB column (21 x 250 tarn) for parlfscatiosi, using the Mlowing 

l() coaditjoRs; Flow; 20 mL^min, Buffers A: aqueous trifluoroacetic acid 0,1 M, B; water, C: 
acetomtril&''water 6/4 v/v; Gradient (depersdSiig on the polarity of the product) 3% A - 61% B ~ 
JO^i € to 3% A - 52% 8 - 45% C m 40 mn. OV-detecton at 210 ma, 'The main peaks, 
cpfTse^jjdmg to the de^red compoiiiids, were ssoiatsd arid lyeipftiliged to give tfj« punBed md 
ptoMiHt as depleted in tabb 44, 



15 

Table. 44 : Qmracterkalion (retetstbn tiiBe oss reversed phase ilPLC and M+H peak m 
electaispmy msss specfeometrj') orEtSCVB-X-LysT[COC03-0-iPropyl prepared on 
Hydrox>'fnelhyl~sssiji. HPLC conditions : flow; 1.0 mUmn ; Bufcs A : water, B : 
5 as^iojistrii/waiss- (6/4 ¥/v), C ; 0.5 M phosphate-buffer pM =-= 2, 1 ; Gr^l^t ; 0 45 mk 65 % 
A/15 % B/20 % C ~» 0 % A/SO % B/20 % G. W-deteciion at 210 im. 
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; 33.33 mm 
I M+H-~ 
569-4 


RJ»35.1S 
603.4 


-39,47 
tmn 

653,6 


1 R$= 35.92 

i mm 

1 615.6 



The fdllowmg compound^ can be prqsared by using Iftse metfKwis of th© pf^ej* iRvemion: 

n~ButylS0rD-T>'<Me>Fro-LysT[COC0|-0~5pio^yl 
1-5 GF3S02-D-TyT(Me)-Pro-Lys¥[C0C0]-O-iPr<5py^ 

Em02-l5-Cte-A2t-l.ysf[eOCO]-0-!.Propyl 
20 EtSOs4>-efeCM-cyclopentyl-CBy)4.ys¥[GaCQ|-0-iFixsp^ 
EtSOr-I>-a5a-Val-Lys*l^|COC0|-O-iProp3?i 



CFsSOa-D-Cha-Pfo-Lys^CCOCOl-Aaseddiae 

BzlSOj-D-Cha-Ps-o-Acg^FfCOCOJ-O-iPrapyl 

EtSO7^D~'ryr<Me)-Pro~Acg*y[C0C0]-0-ipTX5pyl 
ts MeS0rD-T>T(MeKPrt>Acg^F[C0C0]^04P«)pyJ 

eF3SOr-l>~Tyr(Me)~Pro-Acg^|eCH:;Oj-0-iPro 

ElSO2-D-Cha-^;N~G>'dopemyl-Gly)-Acg'i'|COCO|-O-iPF0py^ 
EtSOj-D-Cka-Vsl-Acg^iCOCOl-O-iPropyi 

25 EtSO2-D-CM--p,4-dehyd«>^Pr0>A<^^F[GOCOJ^O-i^ 

0S<>i4>-tMMe>-Fm-Acg*F[GpCG^A^^^ 
HtS0r^r.KFyrtM8)-Fro-Acg¥CGOCQl~m^ 

MeSOrD«Cfea"Fro»AcgT[COCO]-Ax!^idme 
30 n~B«tylSOrD-Cha-Fm-Acg¥|:COCO]..^etidJi^e 
C^sS02-l>-CMm-Acgf*|C0CO|-Azetidine 
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5 3-(iB23SOr-^ssBo)- i -<;aib<>xymethyl-6-^nJStbyl~|}yridi^^ 



Ths bblogieal activities of the eGnitpGUn# f>f ths priest mv^tios were detmnined by the 
following tstst methods. 

Tfeombm (Factor lia) is a Jactorm the coagalafen cascade. 

The aali-thfp^ibiii activity of compouijds of the pfr^ast mvet?itipn was ssse ijy measariag 
^5«S!irophotossetncaJily the raJ^ of hydrolysis of the chromqgeiac sibstr^e Sr2238 extssted by 
IS tlat>sjsl5i[s, Tfeb assay for antj-tisf omfein activity in a faulSsr systssm was used to a^&ss the tCfor 
val»e of a test oompoand; 

Test mefem : tromethamsse^-Kad-poiyethyleste glycol 60QG (TM*) 

R;efefe?tse compound : 12581 (Kabi) 
20 VeMsb: TKI* butfer. 

So!ubi?isatioT5 can, be JiSKssted with dimethylsuUbxide, trsetltanoi ethauol, 
ac^onitriie or tert.-butyi alcohol whicfa sre without adverse effects In 
cotacenirat JOBS up to 2, 5^% iij the final rea«* ion mssfeire. 



25 L Trom«^hamine^Na€l (TN) buffer 

Coiffiposjtion of the buSer: 

Tromethamise (Tns) 6:057 ,g C50 a««ol) 
naCl S,S44 g (liSO mtnof) 

Wstt^tcs I 1 

30 the pH of the sotebn Is adjusted to T.4 at 37 ''C with HO (10 

mmoH'% 
2. XNP butTsr 



Poly^l^eise glycd 6000 is dissoIvediB TN buiertogtvea 
coRcsjmmison of 3 g-f^ ' 

Qjse yIzI S-223S (2S mg; Kabs Diagnostics, Sweden) is dissolved in 
!2S Rsl TM bufi^r to give a coaceatration of 1.25 mg-xsd" ' (2 mmol-r^), 
4. TIjTPHibjn solMtscBS 

BlessMrandbsie, Anjsteniam, The HeiNfed^ sis dsssdved in Tl^ 
buffer to give a stpdfe soiujiion of 835 ^JK,"a^*^^^'^ 
Insse^dy Ijeifers use Ms sdqtiQn Is d3ut««i with TNP buffer to 
gsve SI concentrsiioa of 3 ,34 nKat-mr' , 

* - All ingredisfsfs used are of snafytJcaJ grade 

- For aqueous soiudons ultiapare water (MilH-Q quality) ss used. 

The test aad reCfefencs compoisnds are <iisspJved ss Kfiiii-Q wate? to give 
stock ssncefitratioss of 10"^ moi^r*. Each caijce^trat?o« is stepwise 
dilisted with the vdside to ^ye concentrastipiis of l O^^ l O'* sttd 10"^ 
mp^*^^ The rfilutsoss, imjiydiag the stskk soli^on^ are in the sss&y 
(Smlmris^ntrstmrn in r«ss?fits6n mtxtttre; 3-10'^; 10"^; 3-1 0"^; 10'^; 
10"'; 3- 10* aftd IQ-* moH"', respecdvelyX 

At mom tem|>eratum 0.6?S mi and 0.025 ml test compound 6f refe^e 

compou3>d solutions or vehicle are alternately pipetteii isso the %\'ells of a 
micrstiter plate and these solutions are diluted wsLh 0. 1 1 5 mi and 0.0165 
ml TNP biitfer, respectsveiy. Anaiiquot of 0.030 ml S-2238 solution b 
added to each wdi and the plate is pre -heated and pire-incubated wit|j 
steking is ss incubator (Ainershsfs) for l& miii, at 3? X. FoOowmg pjxi- 
jnctibatios the hydrolysis of S-223B is ^ajted fey addition of 0.030 jni 
thrornbls solution to each ■well The plate is ift^Mted (With shaking for 
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30 at 37 X. Sfcartirsg after 1 mn of mcubatsoo, ihe absorbance of each 
saissple at 405 nm m m^ured everj' 2 msn, for a period of 90 mm. using 
3 Idneiic nsierotster plate reader (Twimmder plus^ F!ow l^bomtones), 

5 All data sr^ collected Is asi IBM person^ ccsmpiut^ iisaig LOTUS- 

MBASUEE. For esaeJs GosTipourKi: coiKxritrstspn (ssq^fsssed M M»H"* 
re^tloji t!5ixtore) s!!d for the biai^ the absorbaace is piotM versus fee 

m gya^oation of res ponses: For each final concentmion the maxiffssim aBsoftfance was calculated 
from the assay plot. The iCs^i-value (fi(i^ coneetitratiosj, expressed m fxraoM causing 50 % 
kilsifoitioR af the maximum: ^soifcssnce ofthe bfeak) was saloiktssd using the logit 
tra«sfonMtidn ^ilysis according to Hsiber ei (Amseim,-F«jrisch.i© 1^77; 27(M|: 

IS 

ISss-values of compounds of the pressem mvention are ^ veiti is the folbwing T#te. 



Am jthrombm actmty: 







4 


Q.m 


24 


QM 


m 


O.li 
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0,02 
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II. Ailti r factor Xsi assay 

Actjvated Factor X (5fa) is a &ctor m the coagsilafen cascade. Thsi ^tt-Xa activity ol 
compounds of the preseist siivesdofs was assesssd by measuring spectrophotometricaOy the rate 
of hydrolysis of the skromogesic substrate s~2222 merted by Xa. This; ^say for atiti-Xa 
25 aa.mty in a butler system wm used to ^ess the ICjr-value of tiie test compound . 
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lis geijer^ the fofeved proceslsire &M test conditions were aftalogous to tlios© of the mtt" 
ihmmbm assay as described above. Differences as s sRdscaled bdow. 

S Vehj cle: TKFtal&r. 

Solubilssatiort caxi be assisted, vAth &mtkhyimlf6md% methanol, etiiaRol, 
acsttsnittile or test, -butyl alcohol which are wthout adverse effects In 
concentrations up to 1% (foi DMSO) m4 (for the other solvents) 

X S~2222 solution 

One vial S-2222 (15 mg; Kabi Diagnostica, Sweden) Is dissolved in 
10 ml water to give a corscenUation of 1 .5 r»ig-s«r^ (2 mniol-r'), 

4. solution 

15 Bovine Factor Xa flumaa (7i nKiit-viaf^ Kabi Dkgaostica) is 

dii^lved m IS ml 'FN? buffer and tben fiirthsir diluted witls 30 ml 
TNP buff«3- to give iSL cohossrttratiori of 1.7? nKat-Hil"'. The dslut'ioR 
has to be Ireshly p^epai^ . 

20 lasiead ©f the S~2238 sscilutson (in asti-tlls-ombtR assay), the; above S-2222 

^btion is added to eacfe wdl m this assay. 



Assts-factor Xa aotivity 



Exsmpio 


,., 5 


i 


0,64 1 


$ 


0.28 


28 


n (}■? j 
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IIL Anti fastor / tSsato ^stor a.ssay. 

Va^las' dama^ Jtiitiates a series of enzyme goneratjon rsa?$iofis ultimately feadmg to ihe 
fomiatson of s fsbris gel ai the site of the kjyry. The primary emyms generation feactioB k the 
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g8riei:a|bri of activsted factor ¥11 (¥lla) frsm proens^'me feetor VII TMs activation resgtiosj 
takes place by as as yet anknows mschanii^. Osje hypoliiesb is timt srsmE asjiouats of &aor Xa 
pr%seat m plasma, bind to the jneaibran^-bcRso^ pmtsm Tjssyss Factor (TF) - a prqteift whicis 
s£pn#y does riot cotrnt^ hloqd but wIjscIs gets exposed to It by injusy - and thsst thls soaipJ^ 
5 of membfane«te«£l TF aini tm&r Xa activates factor VII (ref I). The activated Factor Vil 
thm also hlnSs to mmibrasie-boufid TF and this muisssic tensm complex ssext converts Fa^of X 
iisto Factor X8. 

Tlifombosjs develops when iher 8 is m^fficient control of the coagulalios reaction. Qm way to 
restore tbis coairo? is by snfi&itmg essemisl coagulation enxymes such as for imtance the 

ts conipks of msmbrasie-boimd TF and Factor V1I&. Since inhibitors of VUs. or the vnaTfF 
compl&t most &dy will also sahibst the tes^ase coisspitex, inhibitors of the laKer complex may 
abo be foiifid by determtftlng the mfeibitbtiof Vfia.or VIIa/TF by test compounds. A method h 
described by which &e ihlabitory policy of ix>rnpound:s towars^ VIIa/TF coj«pk)t can be 
established. l"e$t compouiKis sre jalxed at various cofusjBtratidns with fector Vlia aisd TF mid 

15 wMi a ohmifiogessic substrate, which is known to be split far better by TF-boond Wa than by 
free Vila. The amid<>|yti6; reaction taidng; place is c»i^tnuou^y monitored m a snicrotitsr plate 
readss". tsihibltoiry potency of the coiiipounds invesU^ed is expressed by the tCsa, defined a^ 
the concentration af^ conjpouads yielding 50% inh&idon ijf thss ainidolytic re^ctioEi, msety 
siRinutes ailer tbe start of the rs^i^tofi. 

20 

Reagesits: 

Hepes hsffer 

A im tsm«5? coficemrated Hepes buffer made by dissolviag 29.40 g CaCl3.2HjO, 47.66 g Hepes, 
25 §7;66 g ^^aO an<| 30.{M) I polyethylen^lycol (PEG) MW ==== 6000 is lOQO mi aqua bidest. Ailer 
the solution hs^ been hest<Kl to 37 "C^, the pH of the buSer is set on 7.40 with help of 10 mokr 
MaOH, Tbe cossoentrated buffer solution Is i^ored at 4 *C and is stable for at iea^ two jsonths 
at this condition. Fiior tp ase the biifife' is diluted ib aqua bidesi;. ! to 8 to ic^taiji a final 
C05i»5tratbr5 In the welb (See test procedure) of 20 mM CiChy 2{j mM Hepes, 1 50 rsM HaCI 
30 md 0.3 % PECs60<]0. If compounds are dissolved arsd ^iluted ln aqua bidest, or another vehicie 
feecaisse of mi imuifKimt soksbility the Hepes buffer can be diiuted 1 to 6 to preserve tbe same 
ionic siTength in the test. 
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Eecamkmwit kimm jmiar Vila 

Eeeo0sibii53Rt h&mm fseior YBa is <:fet«ijsed Scorn Ammcm Diisgsostfcjt fee, Cjreenwjch, CI. 
Each viai mntmm 12 mg recombmaiU hsimatj factor Vila, wMcli is Ijfopijllized fix> 2 iM feuffer 
cpmpip^ of 10 niM glyc^^ycine, SO mM Na.CS» 10 nsM Ca.Cb, 30 mg/iSil snajasitol, 0,1 % 
5 Tween, pH 15. The cosslents of each of tlsea© msXs h reconstituted with 2 M aq«a bidest, as 
indka^ed by the manufactarer. Use 2 ml l.%* W^ stock solMtson tlsi^ obtaisies! is dlyided in 
smaller fractims, which are Mofed at >30 *€. At this asndition these VIM sample are slaMe for 
at bast S5 montfes. 

10 Re€(iM^smmt hmmi Tissue Facior 

R&c&mhmmt human Tvsme Factor is obtained from American Diggaostica Inc, Greenwich, CT. 
Each yjai costaias 25 jig recombinaftt hainaiR Tissue Factor (sjoB-JiijSsdated; MW 3500€ Dalton), 
Whic^ Is lyophilked from 1 Tfis/HO bufil^ (pH 8:0) composed of 130 riiM NaCi, 2O0 wM 
mmmtol and IS mM CilAFS (Steroid derivative used to .soiubilize tnembrase protdas; see 

15 Mfisck iadsx),. The coatents of each vial is recdiistituted with 1 ml aqua bidest. ais indicated 
tbe smaufecturss-. The 1 nrsl 7.14 k 10*' M siock soJintioR thuiS: obtained is drwded is snadSi^ 
fectlons, whids are stored at -30 *e, 'JIjus stored these Vila samples are stable for at least 67 

40 Pejackmme Flli^ 

Pefachroms VHs - CI-fcSOrri^-Cha-byt-Arg-pNa.AcOH (NW 670.8) - is obtasaned from 
Fentapbaim Ltd, Basle, SwitzerSand, iiJ vials contaiBing 10 umoi of this chroinogenk substrate. 
At die day ofthe^ipeisment iN cont^ts ofa viai^M^^ in 8 J3 M aqua bsdest., yi^ding 

a 1,2 mMolar Palkdirome Vila solutios, Wjat remms of this soiutbn is stored at -30 *C and is 
25 stable fcr at 6 imjtJtbs at tMs cbiuiitios, 

S:ecmtBmmt W/ Recmibimni Vila mhticsi 

M the day of tfee exptsitseat a deep Irozm sample of L2* 19'* M rsssoinMnant Vila and a deep 
^d%m sample of recssmMnasit hii^ah tissue Ssctor of 7.14*10*' is defrosted. The defi-osted 

30 7,14*10'^ solatjos of recombinant human TF is diluted to 4*10"^ M aiid 30 |il of this soiafiofi k 
jisised wstlj 1 |ii of the deliosicd recombinaat Vila , solution of 1.2*10"'* and mth 449 |il Hepes 
buffer, yielding a Heptes buffer solution cofstainisjg 25 nM recosrsbiuaat Vila acd 25 oKl 
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recombsnai'st IF. The anioiast of 480 TFA'Iia solution is ^SIcteRi to mmim the mhibttion 
of eii^t ^kitsoss of one test compsand. H tigses this assount is ae«Je«! to sstabisli the iCsa of 
H test osaspoumis. 

Te^ compounds w& dissolved sss Hepes buffer to ^ye 5^10*^ stock sok^oss (A), Fmns tiss 
sobibsi sevess addMosal solutiom mth sKsncentratsojis of l.ST^IO'^ M (B)j 5,56*10"* M (C), 
1.85* 10"* M -CDX 6.17*10"^ M (E), 2.06*10-* M (F). 6.86*10-* M (G) and 1.29* I O"* M (li) are 
10 prepared by diluting eacfs foregoing s^^lutjos^ with a factOJ three sR Hepe$ buffer. Such a series of 
solutions is propaml for the refeenc© compsjutid Org 34593 at\i also for each of the N- ! test 
compoimds. !f cojjssji^d more ecmyoniait, otter sets of solutions with dilfereRt compouad 
cOS«?€S?!tfsstio55§ may be prepami, 

^5 Prosedtire 

Cosnpottfids ai« di^rilMed column by cphaHS over the ssiierptiteir plat© and qije sasltmm of 
wdls is iwved for r series of umnN^^^^ 

all CN«-1)*8 welis wt& ast eight clmitn^ pspetts. Here N is the number of dtSeretit test 
m coMpmmdS, iftdudsKg the reference compoiisd Org 34593. Hereafter, Ifh' of the pefachrome 
Vlig solut'sGrs of 12 ?TtM iis added vvkh an e.ight chasinel pipette, to the 100 ^1 lisped buffer b 
of the (N4-l)*8 wslis reserved for compound testing aisd the blank reactions. 
Then SO |U of each of tlie sight solutions of the first, second, thkd up to tl^ M-th compmnS is 
mxM m a descmdisg order of coEKSBt!tmioi3$ w#i the contents of the Sfst (A) until the aghth 
25 w^l (H) of columns 1, 2, 5, up to N rs^sectiyely, so m to obtam a oae eomp»«J!|d eolunm 
dsstnbutton with & fhsai top to bottom d^ens^ng prder of coinpotind conceiRtFaiion? per 
solimtn. Finslly SS|ti Hepos boff^ is added fo the: eight wells of the H-^-l th cobmn reserved for 
a series of blatjks. 

After iM wisole pkte has feeers prepared it is shakes for i niiaiite in a microtiter piatss 

30 shaker/incubator (AiTsersham) and the solutions are brought to 37 by incubating the plate in 
lbs same instrument for 10 minutss. 



JW tem^om m initiated by a#mg 5G ^1 of tiie 25 nM YIM2S tM W soiutjoti, wfsdi k 
pt^mteiM 37 'C, to each of £he {N'<'1)^8 ■wells with hrfp of as eiight clisrsi^ pipette. Aift-ss- tt5e 
plate is shakess (or 30 sectinds it Is plas^ is? a ihennosMed siicmsiteF plate rea?l^ and the ^OS 
am aibsoifeiice k r&id in each weS at time bitWi^s <?f I rianute durfe^ 9S tnlrRJtes. 
5 c^Umjjiban*^ are coliec?t«d IX)11JS i.2>3, loaded into a PC osnr^ssJ to the 

Evaluation: 

The (end-)&bsorbances meaxisred at 90 minutes arre corrected for the blank absarbaBces at tise 
IQ begit)nii3g of the test by subtraclioft of the co!T«:S|>onding Srst abH>rhanc« value measured 1 
mkiae ate the Imtiatbs of the reactioji. The cofreeted end absorbaaces in ike presence 
(AHpl) mi abs®?!c« (Abs|0|) of the test compound are coavwtead mto logit values by 
csicukting Hog((Abs[0|/Abs|i|)-l) for each coficea^tion [1] of the test cotepouBiJ. Tliese 
Jogjt values are plotted agassst the -iog^ of the test cortspQURd. Such & fpgit 

15 plot tis«ally displays a Uons^ relatsoiJShip betwe^as 20 % and SO % sttahition of the m&~ 
absorfjsncie. 

The pICse v^sie jjs deSned as the -log (cbipicentratidh its M) od the test eoftspotiad for which the 
legit valite is ^iial to aero, this vaJue is i^sldtjlats^ by linear regresMcJR of tfes bgit vs ^og [1] 
relation preferafcly {srx'sund the logst zesti vaiue. When tite campoittsd test^ is so ^active towafds 
20 W&'TF that the pICso it5«st be mlciilsted fey extrapolatbo mstead of stiteipoMton, it is best to 

prefsare an additicsns^ m of dsiutioRS of this test compoursd and to perfom the ass£sy again, TMs 
sTsetlsod of cali^latirsg a pIC^o value is described by Hafeer et al (pef. 2), l ije correspoadis>g ICso 
is calssilated M lO'^"'® aad is expreissed is Mofer. 

25 Quasitity ?gqmn^: 

Afessat one mg h require to assess the iCjci of a t<^t compound, 

Refe'ease odtTipound: 

As a referenee eompouad Oti 34593 (PPACK) inay be used. For this compound as l€s§ of 

30 3*10''^ M Ms beefs sstabli^bed. 
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(1) The smiemml bsology of esiprsssips and function of Tisstte Faet^r. Ed^agrors, T.S., ei si. m 
l^ttmk^m&ni Hsemos^sis $6(1), 67-79 (1991). 

(2) Malljem^eal analysis t>f coiscentradoB res|>oins© rdationslHps; Hafiier, 0. ^ d. m Amm.m. 
5 f&Tsckmmg Resem:h 2?, lS7l-|g*B (I977>, 

As & m§e pm\t measurenest of the ^ti Se^or Vila / tissue feaor acdvHy i>f eosipcsijsis of 

ilse present sEiveRiiojs, the percentage of itihiMtion at s conceittratjon of IxlO'^ M Is ^vesj ia the 
tbilowirsg Table, For the detm«matjosj of the percentages, procechires as described above were 
m fdlowed. 



Asti factoi' yna/ tissue f8d;6r actmty <p of 1x10"' M); 





percentage K^bition 


iPropyt 


98 






44) ElS(>;4>-:>-Tiq-F!i8-i>ys¥[C0C0]-0- 


91 
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is R^0OC-{a-m%- sf R^NH-CCHCTmV or is selected fem <l~l2C)alfc^, 
(2-l2C)slkenyt which groups may optionally be subsdtuled with (3"12C)cyctealkyi 
(l-€C)alkoxy, OH, COOR^ CF3 or halogen, and from (6~I4C)ar>i (7-!SC)3J*yl md 
(8~16)araika35yi, the suryl groups of which may optbnaJly be. s ot a tkated (l-6C)^k^l, 
P-8C)sys5loslkyl, (l-6C)aJfcoxy, OH, COOH, CF5 or h^!ogei^ 
pis Ij 2 or 3- 

each group ^ M^^eadentb? (M2C)aikyl, (3-SC)<::yc!oalfcyl, C6-t^C:)ajyl or 
(?-15C)afalkyl, the aryi ^ups of which laay be sttbstiftsted with (l-6C)alkyL {l-6C)aiko^ 
€^ lyioges; 

B is a bmsi as amfeo-add of the farmuSa -NH-ei:-I|(GH2)pC(0)OH3-e^O)- or m este^ 
dsovfttive tbefeofwhemn p is 1, 2 or 3, G^y, D-I-Plqi B-I-Ti% jD-3-Tiqi D-Atd, 

Aic, or a L~ or D-arsiflo aead having a hydrophobic, hasip or aeutr^ ^de phais; 
X is SB amino acid vMi & hydropbobsc sade cham, gtutaisme, m^^, threbiaise, a cj^ic 
mem add opdoxjally containing ait additional heterostosi sdss^tol Sxm N, O or S, and 
optionally substituted with (l-6C)alkyl, {l-&C)a!koxy, b<myioxy or oxi\ or X is 
isobiityric acid, -NR'-CHs-CCO)- or the fragment 



whereift n is 2, 3., or 4, W h CH or N and R^ is H, (l-6C)aikyi or phenyl which gstiaps tsay 

optiomOy bs substituted with hydroxy. <U6.C)alko5«y^ COO{l-«e|alkyi CONHjs, or 

halogen; 

Z is lysine or 4~aminDcyclohexylglycise, 

Y ss -NH-Cl-SQalkylene-CsHs, the phenyl group of whicls may be substituted with 
Cl-6C)aikyl, (l-^eMkoxy or halogen, or Y is -OR' or «NR*R*, whereis? is H, (2-6C)alkyl 
or benagfi, R* artd R* ars isidependently H, (i~6C>alkoxy^ or (i-6e)aikyl optloaaily 





0 
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mbstkyted W!lh halog^ or mi R^ tocher are (3-6C)8lk3/i^e, or R* and R* togelfaer 

/ — s 

^th tte ram>^ atom to whi^sh thsy are banded are > — ^ , wherean ¥ is S or SOi; 

5 2, Us; composind 6f diatm i » x^emft Z is lysine. 

3. Tl>8 compos;snd of claim I or 2, wheresK X is a cvclis assiino acid, ssi amino aad wsth a 
liydrophobsc skfe chaise giutamine, sense, thrsjonkse, 'MB^^Hr-CiQ}-, or the fi-agment 

/ '■^^ \ r T 

O ^ or Q 

m wb^«jis ss Bt (1 -6C5a(kyl or pheajyi, 

4. -The: compotssd of sny ors of cfeiim 1-3, wher^n Xiis proiiiie, leucine, giut^fis?, tkreoftiae^ 

pheayiiSliajisnfe, -KR^-€HrC(0)- whemn is tnsthyf, eydopeaityl or cyddhejcyl, orthe 




15 ^ , or ^ 

wherein B.^ ss H or tseShyl, 

5, The compound of a?iy one of claitm 1-4, vA^tm B is a bond, a I>-8n:»no add haysitg a 
hydrophobic or iseui rd ; siste ehain; 

6, The cosspotmsl of any one of clajnss; 1-^5* wherdn R* is (i-6t;)aikyl or bes^, 

7, The compoond of any oi^ of dasms 1^6, whereia Y h -OCMiCihh- 

25 8. A phanrsiiceMscal composabn comprising the cootpouod of any one of claims 1-7 and 
pharmaceiitisally Mtable aisxiliaries. 
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9, Ihs eompcsHsd of asy ss»s of eMms 1-7 for use in therapy . 



l&XJmofths mmpomd of any ojr© of dmass i-7 for the manufaGmre of a sjisiiattfteat &r 
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